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INTRODUCTION 
The underrepresentation of women in scientific and technical fields 
has been a much-discussed topic in recent years for several reasons. 
Changing economic conditions, the ascendance of Japan as a technological 
leader, and demographic trends have focused national attention on the 
nation's need for more scientists and engineers. It is believed that 
increasing the proportion of women in science and engineering will 
counter the decline of scientists and engineers in the national pipeline. 
Also, by choosing quantitative disciplines, women may close the occupa­
tional and earning gaps in comparison to white males (Maple and Stage, 
1991). 
The participation of women in science and engineering fields has 
historically been low in the United States. Although the employment 
of women scientists and engineers increased by 14 percent per year 
between 1978 and 1988, women still comprised only 16 percent of the 
scientific and engineering workforce in 1988 (National Science Founda­
tion, 1990). 
The Bureau of Labor Statistics predicts that in order to meet human 
resource demands in the year 2000 the United States must increase its 
science and engineering workforce by 36 percent (U. S. Department of 
Labor, 1990). Demographic trends indicate that we will not meet this 
demand if we do not increase the participation of women and minorities. 
The 18- to 24-year-old cohort from which we draw our traditional under­
graduate population will continue to decline until 1995 (U. S. Bureau of 
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the Census, 1990). Concurrently, the percentage of students majoring in 
science and engineering has been declining for the past decade (Vetter, 
1991). 
If we are to increase the number of women in science and engineering 
to meet the nation's demands, we must address the loss of women students 
at all stages of the scientific pipeline. A comprehensive study recently 
released by the American Association of University Women (AAUW Report, 
1992) indicates that girls begin gushing from the technical pipeline with 
the onset of adolescence. Many factors contribute to adolescent girls' 
declining interest in science and math. One of the primary factors is 
the manner in which girls are socialized to take their place in our 
society. Science, math and technology have been traditionally viewed as 
male domains and girls have not been encouraged to excel in these areas. 
In recent years, many projects have been initiated in an attempt to 
change girls' perceptions about their untapped potential in science and 
math and the great career opportunities available to women in technical 
fields. Introducing girls to professional women scientists and engineers 
who serve as role models for them has been one of the strategies that has 
met with some success (Malcom, 1988; Clewell and Anderson, 1991). 
This study describes the results of a three-day role model interven­
tion. The intervention utilized female scientists and engineers to change 
the attitudes of ninth grade students toward science and math and toward 
the role of females in technical careers. Two unique components of the 
study add to the body of knowledge relating to the efficacy of role 
models in improving girls' attitudes toward science math and technical 
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careers. First, although most outreach has utilized professional 
scientists and engineers, this study utilized student role models. 
Second, one facet of the study was to determine if girls attitudes change 
more readily in the absence of their male classmates. 
Explanation of the Dissertation Organization 
The research results of this study have been summarized in a series 
of three papers that are included in the dissertation. The overall 
organization of the dissertation begins with the literature review that 
describes factors influencing the attitudes and behaviors of adolescent 
girls toward science and technology. The three papers report the results 
of the study. In the first paper, we explain the development and testing 
of an instrument designed to measure ninth grade students' attitudes 
toward science and math and the role of females in technical careers. 
The questionnaire was developed to evaluate the effectiveness of the role 
model intervention. A second article describes the design, administra­
tion and results of the pre-test. Seven factors that define students' 
attitudes toward math and science are analyzed by gender and by school. 
The third article evaluates the short-term effectiveness of the interven­
tion. In the general conclusions section, conclusions relating to the 
overall research design and methodology and recommendations for future 
research are presented. The final sections include a complete list of 
references and appendices. 
These papers have two co-authors. Morgan Wang, co-author of all 
three papers, assisted rae by conducting the data analyses. Myrna 
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Whigham, co-author of the third paper, worked with me to develop the 
intervention. She also trained the student role models and conducted the 
intervention with the assistance of the role models. I designed the 
instruments, interpreted the data, and wrote the articles independently. 
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LITERATURE REVIEW 
The literature suggests that women have traditionally been reluctant 
to enter male-dominated fields requiring scientific and mathematical 
background. Much of this reluctance is due to socialization. Socializa­
tion refers to the ways that individuals learn the skills, knowledge, 
values, motives and roles appropriate to their position in society (Bush 
and Simmons, 1981). Socialization begins in infancy when parents treat 
boys and girls differently. In relation to math and science, it is 
reinforced in the schools where many girls are led to believe that they 
can't do math and science. 
Math anxiety has been one of the most critical by-products of 
socialization. As a result, as recently as 1981 girls were nine times 
less likely than boys to have good math preparation, a critical filter 
that often precludes them from pursuing college level work in technical 
fields (Cobb, 1981). Many girls are filtered out of the technical 
pipeline by the ninth grade. Their attitudes toward math, their willing­
ness to study math and their feelings about math do not change appreci­
ably after that (Brush, 1980). 
Sex Differences in Math and Science Competencies 
Measurable differences in mathematics and science competencies do 
exist. The National Assessment of Educational Progress (NAEP), es­
tablished by Congress to conduct national surveys of the educational 
performance of American students, has surveyed more than 1.3 million 
students since its inception in 1969. The NAEP continues to find sex 
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differences in science and mathematics competencies (Mollis and Jenkins, 
1988). 
The 1986 NAEP foond that average science proficiency for 9-year-old 
girls and boys was approximately the same, except in the physical 
sciences (Mollis and Jenkins, 1988). In the physical sciences, boys 
showed a marked edge at grade 3 that increased at grades 7 and 11. The 
performance gap in physics was extremely large by the eleventh grade 
(Mollis and Jenkins, 1988). At age 17, rooghly one-half of the males bot 
only one-third of the females demonstrated the ability to analyze 
scientific procedores and data althoogh the performance gap was slight at 
age 13. The 1986 assessment foond that sobstantially more males than 
females reported science-related activities and experiences, leading 
Mollis and Jenkins (1988) to conclode that at least some of the factors 
onderlying the performance gap originate ootside the school. 
In the area of mathematics, the 1988 NAEP foond few gender dif­
ferences at grades 4 and 8, althoogh males had higher average proficiency 
in measurement and estimation. However, males at grade 12 showed an 
advantage in every content area except algebra and fonctions, with gender 
differences in overall performance most noticeable in those areas 
involving higher conceptoalization skills (Mollis et al., 1991). 
Feingold (1988) condocted a stody in which gender differences in 
cognitive abilities were determined osing the norms from eight national 
tests that had been condocted between 1947 and 1980. Over the years 
sorveyed, gender differences declined precipitoosly; the one exception to 
the "role of vanishing gender differences" was that the gender gap at the 
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upper levels of performance on high school math remained constant over 27 
years. 
How do girls start off even or superior to boys at age nine and fall 
progressively behind in both mathematics and science tests? Malcom 
(1988) has proposed three possible answers: Males and females take 
different science and math courses; males and females have different 
in-class experiences; and males and females have different out-of-school 
experiences that affect their test performance. Others contend that sex 
differences in these competencies are due to a host of other factors that 
negatively influence girls' attitudes toward mathematics and science. 
Girls' attitudes toward science and mathematics are affected by many 
influences including their parents, their teachers and schools, their 
peers and the media. 
Attitudes of girls and boys are mediated by several factors. Moore 
and Smith (1987) have identified the following mediating factors: 
1. sex role stereotyping 
2. attribution - perceptions about the causes of success and 
failure in the study of math and science 
3. utility - perceptions about the usefulness of science and math 
4. sex role identity and orientation 
5. confidence - self concept of ability in science and math 
6. differential course taking 
These factors are complex and they frequently overlap. However, 
Moore and Smith's mediating factors provide a useful frame of reference. 
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Research relating to these mediating factors will be described in the 
next section. 
Sex Role Stereotyping 
Sex role stereotyping is prevalent in our society and may have a 
major effect on girls' attitudes toward science and mathematics. Sex 
role stereotyping is perpetuated by male and female students, parents, 
and educators. Ideas about sex-appropriate behavior are also per­
petuated by contemporary media (Leder, 1985). 
The expectations of parents, peers, school and society all reflect 
beliefs and prejudices about sex appropriate behaviors. These expecta­
tions affect selected cognitive and affective variables (Leder, 1985). 
The media reinforces and perpetuates the stereotype of the relationship 
between sex appropriate behavior and mathematics achievement (Leder, 
1985; Sherman, 1987). The end result of the continuing promotion of the 
idea that girls cannot be expected to do as well as boys in mathematics 
is that girls do not do as well. Many researchers attribute this 
differential achievement pattern to societal expectations rather than 
skill (Hall and Hoff, 1988). Because the prevailing stereotype is that 
math and science are male domains, sex-role congruency - thinking that 
the study of math or science is a sex-role-appropriate activity - has 
been a major barrier to females pursuing careers in these fields (Vockell 
& Lobonc, 1981). 
SAT data indicate that sex differences in attitudes toward science 
begin as early as the fifth grade. Participating fifth grade girls chose 
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science as a favorite subject less often than boys, were less likely to 
view science careers as personally fulfilling and saw science as less 
applicable and less useful. This evidence suggests that, even at the age 
of 10, science is perceived as a masculine subject (Zerega and Walberg, 
1984). And even though 62 percent of female fourth graders, 63 percent 
of eighth graders and 57 percent of twelfth graders who participated in 
the 1988 science assessment agreed that they were good in mathematics, 
nearly one-fifth of students at all three grades were either neutral or 
agreed that mathematics was more for boys than for girls (Mullis et al., 
1991). 
Fennema and Sherman (1976) found that males stereotype math more 
strongly than females do while Sherman (1982) found that girls who com­
pleted four years of high school math saw math as more of a male domain 
than other high school girls. In their extensive review of the litera­
ture on female participation in math, Chipman and Thomas (1985) and Brush 
(1980) found that females more strongly express the opinion that math is 
a field open to both males and females than males do, although they found 
no sex differences in students' liking for or interest in math. 
A recent study conducted by Hill, Pettus and Hedin (1990) revealed 
that the single critical variable identified as the remaining barrier to 
female students' persistence in science was their lack of science career 
interest. They concluded that this lack of science career interest was 
primarily due to socialization and that in order to overcome it, existing 
sex stereotypes and the masculine image of science must be challenged. 
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The Influence of Parents 
Chipman and Thomas (1985) found that parental influence on high-
achieving students has been significant with substantial and consistent 
gender differences. Male students reported that they received more 
pressure to achieve from their parents, and they also received more help 
and more monitoring of their performance. In addition to the impact of 
their educational and socio-economic status, parents' ideas about the 
desired outcomes of courses have been found to affect educational 
performance (Leder, 1985). Parents' goals for the future employment of 
their children indicate that they still view technical careers as being 
primarily for males (Gross, 1988). Students' attitudes towards math and 
science as well as their decisions to continue enrolling in math and 
science courses have been linked with their parents' conceptions of the 
educational goals of these courses. Parents are perceived as encouraging 
their sons more strongly than their daughters (Leder, 1985). 
Parents' influence on their children's educational performance is 
mediated by social class. A positive correlation exists between social 
class and academic achievement. White (1982) conducted a meta-analysis 
of almost 200 studies on the relationship between socio-economic status 
and academic achievement, defining the traditional indicators of socio­
economic status (SES) as the occupation of the head of household, the 
educational attainments of parents, and the level of family income. He 
found that, when the student was the unit of analysis, the correlation 
between SES and academic achievement was .22. However, when school or 
the community was the unit of analysis, the correlation was .73, reflect­
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ing the strong relationship between mean student achievement and SES 
within a school or the community. 
Parents serve as important role models in this area also. Students' 
mothers indicated that they do not view themselves as competent in 
mathematics and they communicate this to their children (Gross, 1988). 
Mothers had much more negative views of their own math ability than did 
fathers (Jacobs and Eccles, 1985). Mothers are more likely to help their 
elementary school children while fathers are more likely to help their 
older children with mathematics homework. 
The Influence of Schools and Teachers 
While some scholars view public schools as offering advancement 
based on merit, others argue that future social standing is based 
primarily on family socioeconomic status and that schools have little 
impact on this stratification. Still others argue that schools actively 
transmit status arrangements to future generations by maintaining and 
legitimizing community stratification systems (Grant, 1985). Grant 
supports the "transmission of status arrangements argument," contending 
that children's daily experiences in public schools differ systematically 
based on their race and gender. She visualizes classrooms as "social 
units with penetrable boundaries embedded in larger social units such as 
school and communities" (pp. 58). Grant argues that teachers' expecta­
tions for their students vary systematically with children's race and 
gender and other nonacademic criteria including social class, family 
background, and the performance of older siblings. Children of differing 
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race and gender configurations also hold varying expectations about their 
teachers and their peers, 
Peer networks are difficult to regulate and function as 
transmitters of cultural elements into school settings 
that can thwart teachers' and school officials' goals for 
achieving race and/or gender equity in classrooms (Grant, 
1985, 59). 
Grant suggests that girls in elementary school are more "system 
dependent" than boys. She defines system dependence as a phenomenologi-
cal concept, connoting high levels of psychic identification with teach­
ers and school systems, high interaction rates with teachers, and strong 
conformity to classroom rules. Boys, on the other hand, are more in­
volved with their peers and less system dependent, iess involved with 
their teachers, and less conforming. Because system-dependent behaviors 
are reinforced by teachers' praise for conformity, girls receive more 
praise from their teachers than boys do. However, boys ultimately become 
more autonomous because, while system dependence rewards girls early in 
their education, it inhibits the development of autonomous learning 
styles that are necessary for academic success later in the educational 
process. 
The research of Grieb and Easley (1984) supports Grant's concept of 
system dependence. In a primary school case study designed to identify 
those mechanisms that allow white, middle class male students to preserve 
independent attitudes while female and minority students develop at­
titudes of dependence, Grieb and Easley found that teachers do not expect 
white males who demonstrate mathematical creativity to conform to the 
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social norms of mathematics classes. This enables them to develop habits 
of independent thinking that are critical to advanced mathematics. On 
the other hand, girls and minority males are expected to conform to class 
social norms. 
Grieb and Easley concluded that success in advanced mathematical 
sciences is dependent upon young children finding a delicate balance 
between personal curiosity and the norms of the class. Grieb and Easley 
(1984) hypothesized that the students who become successful in university 
level mathematics must have developed some kind of "insulation" in 
primary school years against the dogmatism of most mathematics instruc­
tion and the moral order it represents. They suggest that helping to so 
insulate girls and minority children is a far more promising approach 
than trying to reduce the authoritative stance of secondary- and univer­
sity-level mathematics teaching. 
Oakes' (1985) study of tracking of students in sixty-eight junior 
high classes and seventy-one senior high classes supports Grant's "trans­
mission of status arrangements argument" or what Oakes refers to as the 
"inequality concept." Oakes found that classes at the senior levels 
conformed to the predominant track-level patterns more consistently than 
did classes at the junior high level, confirming that the social inequal­
ities that are inherent in tracking of students become more pronounced as 
students advance through the grades. Oakes concluded that "schools and 
society exist in symbiosis to preserve the norms that limit change" (p. 
147). 
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Fennema et al. (1990) contend that boys' superior performance in 
high cognitive level mathematics tasks and girls' more negative personal 
belief systems about mathematics are the results of pervasive educational 
inequities. These inequities include stereotypical ideas held by educa­
tors and reinforced in textbooks, teacher attention during mathematics 
instruction, and the structure and organization of classrooms (Leder, 
1987; Fennema et al., 1990). In one study (Gross, 1988), principals and 
counselors indicated that they adhered to stereotypical ideas about 
gender and mathematics. More than 50 percent of the principles and 60 
percent of the counselors who participated in the study indicated that 
math performance differentials could be attributed to one of two reasons: 
Either girls are not interested in mathematics because they feel they do 
not need it in their careers or they are not as competent in mathematics 
as boys are. 
Based on results of a study called High School and Beyond, a 1980 
longitudinal study of 58,270 students in 1,015 high schools. Marsh (1989) 
concluded that increased public awareness of sexual stereotypes and the 
accumulated attempts to break them down within schools are having an 
impact. She found that, while sex differences still persist, sex dif­
ferences in mathematics coursework have been eliminated. 
Fennema et al. (1990) recommended that sex-related differences in 
mathematics be examined on a school-specific basis because schools' 
success rates in helping females learn mathematics varies considerably 
between schools. While not the norm, in some schools more females than 
males are enrolled in advanced mathematics classes. Fennema views 
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teachers as the most important educational influence on students' learn­
ing of mathematics and argues, 
Part of the teachers' influence is in the learner's devel­
opment of sex role standards. These sex role standards 
include definitions of acceptable achievement in the 
various subjects. The differential standards for mathe­
matics achievement is communicated to boys and girls 
through differential treatment as well as differential 
expectations of success (Fennema et al., p. 98). 
Teachers differentiate between students on the basis of their gender 
through their behaviors, expectations and beliefs (Leder, 1985). Teach­
ers' instructional decisions influence students' internal motivational 
beliefs and also their participation in classroom learning activities 
(Fennema et al., 1990). The evidence of an association between teacher 
encouragement and continued enrollment in math is moderately strong 
(Chipman & Thomas, 1985). Teacher encouragement also appears to play a 
critical role in students' continued enrollment in science. 
Fennema and Peterson (1987) found consistent differences in the 
average frequency per day for student-teacher interactions. Out of 26 
categories of interactions, consistent differences were found on 9 of 
them including: more public and private teacher-initiated interactions 
with boys concerning their classroom behavior; more private procedure 
interactions with boys; and more private and public social interactions 
with boys. Teachers received and accepted more "called out" answers to 
low-level math questions from boys. They initiated significantly more 
interactions dealing with both low and high level math with boys than 
with girls. 
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Mason and Kahle (1988) conducted a teacher intervention program 
designed to train teachers to develop new instructional methods for the 
teaching of science. The researchers hypothesized and confirmed that the 
intervention program would have a positive effect on female student 
perceptions and attitudes toward science. The experimental group had 
significantly higher mean scores on measures for attitudes and percep­
tions about science, about their experiences in extracurricular science 
activities, and about their interest in science-related careers. The 
intervention also positively affected male students. Germann (1988) 
found that students of science teachers who had better instructional 
methods and who provided better learning environments in their classrooms 
had significantly better attitudes toward science than students of poorer 
teachers. 
In another study conducted in 4th grade mathematics classes, Peter­
son and Fennema (1985) found that boys who were not achieving well in 
math skills such as computation were helped more frequently by the 
teacher. One of the most important variables related to girls' achieve­
ment appeared to be the extent to which they were engaged in cooperative 
rather than competitive math activities. Girls did significantly better 
in classes where math was taught in small group settings of three to six 
students (Peterson & Fennema, 1985). 
Based on their own research experiences, Eccles and Blumenfeld 
(1985) concluded that teachers play a passive role in the maintenance of 
sex-differentiated achievement patterns. The sex-differentiated goals 
and attitudes that students start school with appear to consolidate into 
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sex-differentiated beliefs regarding math and science abilities during 
early adolescence. Teachers do very little to change these attitudes or 
to provide students with information that might lead them to reevaluate 
their sex-stereotyped beliefs, thereby contributing to sex inequity in 
educational attainment. 
Children bring these beliefs with them to school and continue to 
believe them unless they are forced to reconsider their validity. If 
teachers are guilty of sexism, it is their failure to get students to 
reconsider these beliefs that condemns them (Eccles & Blumenfeld, 1985, 
p. 87). 
The Influence of Peers 
Peer groups also act as an important reference for socialization. 
Students rate the influence of their peers as unimportant but tend to 
report that their friends share their attitudes and plans for future math 
study (Brush, 1980). Sex-typed leisure activities, subject preferences 
and career intentions are strongly promoted by peer groups and influence 
sex-role differentiation (Leder, 1985). Related differences in behavior 
and expectations become self-perpetuating and self-promoting, are re­
flected in society's beliefs and expectations, and are ultimately re­
flected in girls' personal beliefs. 
A large proportion of male students who participated in a study 
conducted by Gross (1988) reported that males were better than females in 
math. Both male and female students reported that their mothers were not 
as good in math as their fathers were. More subtle sex role stereotyping 
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was reported among students in a Catholic all-female high school whose 
school was about to be merged with an all-male high school (Gwizdala & 
Stenback, 1990). Females were apprehensive about the merger because they 
believed it would affect their performance and the school atmosphere. 
They also believed that males would receive preferred treatment. One 
quarter of the respondents explained that males would be treated dif­
ferently by their mathematics teachers because teachers would consider 
the males smarter than females. 
Attribution 
Attribution research suggests that females are expected to do more 
poorly than males at many tasks. The ways in which students attribute 
causation for their successes and failures is prominent in the literature 
about gender differences in mathematics (Meyer & Koehler, 1990). Females 
report less confidence in their mathematical ability than males and 
exhibit an attribution style and other achievement-related behaviors that 
inhibit their persistence in math (Fennema, 1990). 
Researchers in one study reported that they were unable to find any 
occupation in which females were expected to perform better than males 
including pediatrics, writing, dancing, and psychology (Frieze, 1978). 
Another study conducted by Deaux and Emswiller (1974) found that perfor­
mance by a male on a masculine task was attributed to skill by evaluators 
while an equivalent performance by a female was attributed to luck. The 
study also confirmed the findings of previous research that females have 
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a tendency to make lower estimates of their own anticipated performance 
than do males. 
Males' successes have been attributed more to their abilities while 
females' successes have been attributed more to effort (Eccles, 1986). 
On the other hand, females' failures have been attributed more to lack of 
ability than have males'. Higher expectations for success lead to 
superior performance and higher evaluations of performance and may lead 
to selection of more difficult tasks. Several studies have demonstrated 
that people with high expectations for success perform better on specific 
tasks than people with low expectations (Frieze et al., 1985). Girls 
tend to attribute their successes to environmental factors and their 
failures to their own lack of aptitude. These attributions often form an 
almost fatalistic prophecy that further reduces achievement (Fennema, 
1981). Parents and teachers often reinforce these attribution patterns. 
Jacobs and Eccles (1985) conducted a study of the impact of media 
reports on parents following the release of a research report by Benbow 
and Stanley in 1980. Media covered the release of an article published 
in Science that reported a major sex difference in math reasoning ability 
among gifted seventh-grade students, implying that the gender difference 
was due to inherited or other biological factors. For example, the title 
of an 1980 Newsweek article was "Do Males Have Math Gene?" and the title 
of a 1980 Time article was "The Gender Factor in Math: A New Study Says 
Males May Be Naturally Abler than Females." 
Jacobs and Eccles targeted parents of adolescents as the population 
most likely to be influenced by the research findings and found that 
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parents who had responded to surveys regarding their children's math 
abilities prior to the media coverage reassessed their beliefs about 
their children's competence in math as well as their rating of math as 
more difficult for daughters. The estimates of girls' mothers who were 
exposed to the media blitz declined compared to the estimates of exposed 
mothers of sons or unexposed mothers. On the other hand, while fathers 
of daughters generally thought their child had slightly less ability than 
fathers of sons, exposed fathers thought their daughters had slightly 
more ability after hearing the media coverage and unexposed fathers 
changed in the opposite direction. 
Another study of 38 female first grade teachers found that the 
teachers perceived boys as their best students and attributed boys' 
successes predominantly to ability (Fennema et al., 1990). They attrib­
uted the success of girls, on the other hand, about equally to ability 
and effort. Boys were chosen more often as both the most and least 
successful mathematics students. The most successful girls' successes 
were attributed about half to ability and half to effort while the 
successes of the most successful boys were attributed primarily to 
ability. 
The media also perpetuate commonly-held stereotypes about attribu­
tion. Leder (1985) hired a press-cutting agency to survey newspapers, 
magazines and periodicals published throughout Australia. The agency 
provided her with copies of articles that featured individuals who were 
singled out for their achievement or special accomplishments in all 
fields but sports. Her analysis of the results revealed three common 
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themes; (1) Females need to work harder than males to achieve their 
goals. (2) Females must balance success and interpersonal relation­
ships. (3) Success wasn't expected or sought after - it just somehow 
happened. Leder's study also revealed that approximately one third of 
the articles featuring females contained the fear of success imagery 
compared to only two similar articles about males. Both of these refer­
ences alluded to the effect of their success on interpersonal relation­
ships. (This will be discussed in more detail later in this paper in the 
"Sex role identity and orientation" section.) 
Utility 
Sex differences have been found to be substantial in terms of 
students' aspirations to a career in which math is perceived as useful 
(Chipman & Thomas, 1985; Fennema, 1990). The utility of math is often 
more apparent to males than females. Pedro et al. (1981) found that 
after prior achievement, perceived usefulness was the strongest single 
predictor of continued mathematics participation for both males and 
females. However, high school girls did not view math as useful to them 
but high school boys did. Gross (1988) found that males were more likely 
to aspire to careers in professional occupations utilizing mathematics or 
the physical sciences while females were more likely to aspire to jobs 
that did not emphasize mathematics. 
In a series of longitudinal studies of the socialization of pre-
college students, Eccles (1986) found that high school students' enroll­
ment in advanced math courses and advanced English courses is mediated 
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most strongly by sex differences in the value males and females attach to 
math and English. From ninth grade on, girls value English more than 
math. The home and school environments play an important role in in­
fluencing students' feelings about the utility of mathematics and the 
importance of succeeding in mathematics. Gross (1988) found that with 
the exception of those female students who finish high school mathematics 
with calculus, female students receive less encouragement from the 
school, home and society to pursue mathematics. 
Students' feelings about the utility of mathematics and the impor­
tance of being successful in school result in large part from the expec­
tations and pressures of parents. Students in accelerated classes 
pointed to their parents as the primary forces behind their interest in 
math. They said their parents encouraged them by exposing them to and 
talking to them about math. They indicated that their parents expected 
them to take a lot of math and to do well in it. Students in lower level 
math courses did not seem to receive the same level of academic support 
from their parents in mathematics and other coursework (Gross, 1988). 
A positive relationship also exists between attitudes toward science 
and science proficiency. Students who enjoy science, believe that 
knowledge of science has practical applications, and perceive that it 
will be part of their future work tend to have higher proficiency than 
students with less positive attitudes (Mullis & Jenkins, 1988). Males 
from both grades 7 and 11 who participated in the 1986 National Assess­
ment generally had more positive attitudes toward science than did 
females. Gender differences were relatively small in response to state­
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ments about the utility of science to help students earn a living. They 
were slightly larger in response to statements about the importance of 
science in life and the use of science knowledge in life. Table 1 below 
summarizes some of the 1986 NAEP results. 
Sex Role Identity and Orientation 
Sex-role identity includes achievement in domains viewed as appro­
priate for one's sex. Because math is not seen as an appropriate domain 
for females, when a female achieves in the mathematical domain, she does 
not fulfill her sex-role identity adequately and she perceives that 
teachers and peers have lowered expectations of her success in math 
because she is a female. She also perceives that she is seen by others 
as somewhat less feminine when she achieves in math, making her increas­
ingly uncomfortable with her achievement. She does not.value success 
because she thinks others have negative feelings about it (Fennema & 
Peterson, 1985). 
Vockell and Lobonc (1981) found that girls rated the physical 
sciences as more masculine than the biological sciences. Girls in 
coeducational physical science classes perceived the physical sciences to 
be more masculine than did girls in all-female classes. Vockell and 
Lobonc hypothesized that when girls perceive themselves to be a deviant 
minority, their performance and preference for physical science is 
reduced, perhaps because of the competition and comparison with males. 
Girls in all-female classes, on the other hand, are not a deviant minor­
ity and therefore can perform and develop preferences without inhibition. 
24 
Table 1. Experience with science equipment for the nation 
Percent responding "Yes" 
Grade 3 Grade 7 Grade 11 
MF MF MF 
Have you ever used a. 
Microscope? 
Telescope? 
Barometer? 
Electricity Meter? 
51 
58 
37 
45 
92 
80 
30 
31 
90 
64 
20 
10 
98 
85 
51 
49 
97 
71 
41 
17 
Have you ever tried to... ? 
Fix something electrical? 36 10 
Fix something mechanical? 46 12 
Figure out what was wrong with a plant? 10 19 
Figure out what was wrong with an animal? 29 38 
46 
60 
8 
26 
8 
12 
13 
31 
Perceptions of Personal Relevance of Science Knowledge 
Percent Responding "Strongly Agree" or "Agree" 
Knowing science will help me earn a living 45 41 39 34 
I will use science in many ways 
when I am an adult 54 47 50 42 
Science will be important to me in my 
life's work 40 34 35 31 
Data from The Science Report Card: Trends and Achievement Based on 
the 1986 National Assessment. 
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Frieze and Hanusa (1984) argue that science is perceived as diffi­
cult, requiring sacrifice and persistence. Perceptions that scientists 
are objective, logical, emotionally neutral, and work alone are in 
conflict with the traditional sex role of females. These perceptions 
force young women who are considering careers in science to choose 
between being "feminine" or being "scientific." 
Several studies (Sherman, 1983; Ware and Lee, 1985) have found that 
a strong negative relation still exists for females between concern for 
future family and personal life and the decision to major in math-related 
technical fields. Commitment to eventual marriage and children still 
precludes the possibility of a scientific career for many females. 
Baker (1987) hypothesized that females preferring scientific careers 
would have good role-specific self concepts and masculine sex-role 
identities while females preferring traditional careers would have poor 
role-specific self-concepts and feminine sex-role identities. Although 
the analysis of the results of his study did not support his hypotheses, 
he did find that masculinity among females preferring science careers and 
femininity among females preferring non-science careers did remain 
important variables. 
Confidence 
Recent studies continue to find sex differences favoring males in 
mathematics self concept and self confidence although there are no sex 
differences in grades that students receive in high school mathematics 
courses (Brush, 1980; Chipman & Thomas, 1985). Girls express greater 
26 
uncertainty about their mathematical performance. Boys express a greater 
expectation of success. Boys overrate their performance in mathematics 
in relation to written test results ; they do not do as well as they 
expect to. Girls underrate their performance and do better on tests than 
they expect (Joffe & Foxman, 1986). 
Meyer and Koehler (1990) hypothesized that confidence is one of the 
most important affective variables influencing a student's self-concept. 
Confidence affects students' ability to learn new math and do well on 
math tasks by influencing their willingness to approach new material and 
persist in the solution of mathematical problems, or in additional 
coursework, or in career aspirations in quantitative fields. 
Many studies have found that success in mathematics evokes anxiety 
about success among females, particularly the most able, achievement-
oriented females (Leder, 1990). Leder links these findings with the 
lower confidence expressed by females in their ability to do mathematics, 
their uncertainty about the appropriateness of their doing mathematics, 
and ultimately their lower performance and suggests that females' lower 
performance is a function of their internalization of the expectations of 
others, rather than a function of their ability. 
As a result of socialization practices, boys are reinforced more for 
their scientific and mathematics achievements and behaviors than girls 
are and therefore have higher science self-concepts. Jacobowitz (1983) 
found that self-concept better predicted a science career preference than 
all other variables except sex. 
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Gross (1988) found that female students were somewhat less confident 
in their math abilities than their male counterparts and they requested 
help from others more often than males. Joffe and Foxman (1986) found 
that by age 11, boys are more confident in their approach to measurement 
tasks and express more confidence than girls in their chances of success 
in tackling questions on measures topics. 
Although girls and boys appear to spend about the same percentage of 
class time working on high level cognitive mathematics activities, girls 
are more likely than boys to not achieve important goals that mathematics 
teachers set for their students. Girls develop more negative attitudes 
about themselves and mathematics than boys do. Because of these negative 
attitudes and lower achievement, girls rule out mathematics-related 
careers more often than boys do (Fennema & Peterson, 1987). 
Eccles (1986) found that from the seventh grade on, girls have lower 
confidence in their math abilities than their English abilities and lower 
expectations than boys do for future success in math. When Marsh, Byrne 
and Shavelson (1988) examined the relationships between high school 
grades in English and mathematics and corresponding self-concept, they 
found that sex differences in self-concept were larger than could be 
explained by sex differences in academic achievements. Gwizdala and 
Stenback (1990) found that girls in an all-female high school were more 
positive about mathematics and their participation in it than girls in 
coeducational schools. 
More and Handley (1985) observed differences in the sources of 
middle school student-teacher interactions. Girls appeared to become 
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less assertive in the initiation of ideas in science classes as they 
matured. In the seventh grade, 41 percent of student-teacher interac­
tions were initiated by girls but in the eighth grade, these same girls 
initiated only 30 percent of the interactions. During the same two 
years, boys' initiation of interactions increased from 57 percent to 70 
percent. Over the two-year period, girls initiated fewer student-to-
teacher interactions than did boys and this difference became more 
pronounced as the students progressed in their science studies. 
Differential Course Taking 
Sex differences in math achievement, found to be negligible prior to 
the high school years, parallel sex differences in math course enrollment 
(Chipman & Thomas, 1985). A 1985 SAT study found that females comprised 
only 45% of!those reporting four or more years of high school math 
(Chipman & Thomas, 1985). The large difference in science performance 
cannot be explained solely by differential course enrollment, however. 
Results from the 1986 NAEP indicate that in some schools, the proficiency 
gap between high school boys and girls actually increased with course-
taking (Mullis & Jenkins, 1988a). 
Benbow and Minor (1986) found that, within a sample of mathematic­
ally talented high school students, girls took significantly fewer 
science courses than boys, with the most pronounced difference being in 
physics. These gifted girls were more likely to plan to major in biology 
while the boys were more apt to aspire to engineering and physics. 
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Moore and Smith (1987) found differential course taking in high 
school to be a significant factor in intergroup differences in mathemat­
ics competence. In tests of mathematics knowledge of children in grades 
K to 8, there were no sex differences in students' performance. However, 
sex differences in favor of males emerged in grades 9 to 11, the years 
when differentiated programs of study have been common. 
Koballa (1988) found that the perceived difficulty of science 
relative to other elective courses was the major determinant of males' 
attitude toward enrolling in science. For females, the major determinant 
of attitude toward enrolling in science was their interest in learning 
new information. Their academic ability, science grades, and attitude 
toward science failed to predict their behavioral intentions to enroll in 
another elective science course. 
In one study based on High School and Beyond (HSB) data. Marsh 
(1989) found that girls were no less likely than boys to take mathematics 
courses but they were more likely than boys to take English. In another 
extensive study conducted in the Montgomery County Public Schools in 
Maryland, Gross (1988) found that the participation and performance of 
male and female students in mathematics was fairly equal from kindergar­
ten through the first years of high school. However, when the mathemat­
ics requirements for graduation and college admission were satisfied, 
general differences emerged. Female students were leaving high school 
with slightly less mathematics than males. 
Koballa (1988) reported that parents and science teachers were 
viewed as salient referents regarding enrolling in physical science 
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courses in high school. In a second study, Koballa (1988a) found that 
girls' viewed their fathers, mothers, female science teachers and male 
high school students as the most credible communicators in encouraging 
them to enroll in elective high school science courses. 
Importance of Role Models 
Occupational choices are restricted by the lack of knowledge about 
existing opportunities (Blau et al., 1956). Traditional patterns of 
occupational choice are reinforced by our social structure. While in our 
society occupational choice is regarded as free, in reality occupational 
decisions are influenced by the social status of parents and other inborn 
and acquired attributes. The educational ladder presents an intervening 
variable with the ease of climbing this ladder being greater for middle 
and upper-class children (Overs, 1979). 
Krumboltz' model of occupational choice links the concept of role 
model to curricula and career choices. One of the hypotheses in this 
model proposes : 
An individual is more likely to express a preference for a 
course of study, an occupation, or the tasks and consequences 
of a field of work if that individual has observed a values 
model being reinforced for engaging in activities s/he has 
learned are associated with the successful performance of that 
course, occupation, or field of work (Krumboltz et al., 1976, 
p. 76). 
Research has confirmed the importance of adults' behavior as a 
standard or model for children's behavior. Observational learning has 
been suggested as one mechanism by which children absorb a variety of 
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social norms, particularly those associated with gender roles (Eccles-
Parsons, 1984). 
Role models, including parents and teachers, may be influencing 
girls' attitudes toward science and mathematics. Because they are 
themselves males or females, they might influence students' behavior 
simply by engaging in different activities. For example, male teachers 
are more apt to teach advanced mathematics courses and fathers are more 
apt to assist with homework in these courses. The impact of these 
different activities combined with the under-representation of appropri­
ate female role models may discourage some girls from engaging in activi­
ties involving mathematics during their high school years (Eccles-
Parsons, 1984). In his comparative study of the performance of girls in 
public and Catholic schools, Riordan (1985) concluded that the better 
performance of girls attending single-sex Catholic schools may be due to 
greater academic opportunity and the presence of a larger proportion of 
female role models. 
McNair and Brown (1983) identified parents as the most important 
role models and reported that their results confirmed the hypotheses of 
Krumboltz, Mitchell and Jones (1976) that important role models influence 
career development. Hacket, Esposito and O'Haloran (1989) found that 
role model influences were predictive of the career-related aspirations 
of college women, with different role model influences being most strong­
ly predictive of different aspects of the career choice process. The 
study also confirmed that perceived role model influences interacted with 
important predictors, especially performance self-esteem. The success of 
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recent intervention programs in increasing female math participation 
through exposure to female role models supports this line of reasoning 
(Brody & Fox, 1980; Clewell & Anderson, 1991). 
The use of female role models as an intervention strategy is promi­
nent in the literature to counteract the mediating factors addressed 
previously in this paper: sex role stereotyping, attribution, utility, 
sex role identity, self-efficacy and differential course taking. Numer­
ous studies have found that role models influence the course-taking and 
career choices of female students (Almquist & Angrist, 1971; Douvan, 
1976; Campbell, 1986; Farmer, 1987). Although several recent studies 
have questioned the effectiveness of role models in changing girls' 
attitudes and behaviors toward science (Koballa, 1988) and science-
related careers (Vockell & Lobonc, 1981), most recent reports addressing 
the shortage of scientists and engineers recommend altering stereotypes 
through the use of nontraditional role models (Nurturing Science, 1987; 
Clewell & Anderson, 1991). 
Female mathematicians, engineers and scientists often stress the 
impact of salient, supportive models in the development of their career 
plans (Eccles-Parsons, 1984). Hill, Pettus, and Hedin (1990) found that 
the major factor affecting science-related career decisions for both 
sexes appears to be personal contact with a scientist. They concluded 
that, while many historical factors have had a major impact on students' 
science career choices, having early exposure to, and interaction with, 
professional role models in the sciences is critical for the recruitment 
and retention of students in math and science. 
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The junior high school years represent a particularly important 
period at which to influence future course selection and ultimately 
career choice. The study to be described in the three papers which 
follow utilized female student role models for students in 9th grade 
science classes. 
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PAPER I. DEVELOPING AN INSTRUMENT 
TO MEASURE STUDENTS' ATTITUDES TOWARD 
SCIENCE AND MATHEMATICS 
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ABSTRACT 
In this paper we describe the development and testing of an instru­
ment designed to measure ninth grade students' attitudes toward science 
and math and the role of females in technical careers. A questionnaire 
was developed to evaluate the effectiveness of a female role model 
intervention project. Mean student responses to eleven pre-test items 
relating to the role of females in technical careers were skewed, 
indicating that gender stereotyping was not pronounced. A factor 
analysis indicated that seven factors defined students' attitudes toward 
science and math. 
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INTRODUCTION 
Nationwide concern over the projected shortage of scientists and 
engineers has focused attention on the historically low participation of 
American women in these fields. Research has established that inadequate 
development of mathematics skills and declining interest in science 
beginning in fifth grade discourage girls from pursuing technical cur­
ricula and careers (Zerega & Walberg, 1984; Malcom, 1988). 
The first major objective of the research described in this paper 
was to complete a literature review to determine why girls do not take 
math and science courses. The second objective was to design an inter­
vention to change girls' attitudes toward math and science, and the third 
objective was to develop an instrument to be used in the pre- and post-
intervention stages. The fourth objective was to complete a factor 
analysis of the scale items using data obtained from 1720 ninth grade 
students in ten schools in Iowa that were the settings for an interven­
tion project. 
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LITERATURE REVIEW 
The literature suggests that women in the United States have tradi­
tionally been reluctant to enter male-dominated fields requiring scien­
tific and mathematical background due, in large part, to socialization 
and sex role stereotyping. Sex role stereotyping has been perpetuated by 
male and female students, parents, educators and the media (Leder, 1985; 
Fullilove, 1988; Malcom, 1988). 
Substantial differences have been found in female and male students' 
aspirations to a career in which math is useful (Pedro et al., 1981; 
Chipman & Thomas, 1985; Eccles, 1986; Gross, 1988; Fennema, 1990). And 
while there are no significant differences in grades that female and male 
students receive in high school science and mathematics courses, studies 
continue to find differences favoring males in science and mathematics 
self concept and self confidence (Brush, 1980; Jacobowitz, 1983; Chipman 
& Thomas, 1985; Eccles, 1985; Joffe & Foxman, 1986). 
Studies of academic course and career selection patterns suggest 
that gender factors into one's decision to pursue a science major or 
related career (Chipman & Thomas, 1985). Perceptions that scientists are 
objective, logical, emotionally neutral, and work alone are in conflict 
with the sex role stereotypes of females (Frieze & Hanusa, 1984). 
Schools' success rates in helping females persist in mathematics 
varies considerably; in some schools more females than males are enrolled 
in advanced mathematics classes (Fennema et al., 1990). Teachers' 
expectations for their students have been found to vary systematically 
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with children's race and gender and other nonacademic criteria including 
social class, family background, and the performance of older siblings 
(Grant, 1985; Fennema et al., 1990). Teachers' expectations influence 
their behaviors and the encouragement of teachers has been linked with 
continued enrollment in both science and math (Chipman & Thomas, 1985; 
Mason & Kahle, 1988). 
A positive correlation exists between parents' social class and 
children's academic achievement (White, 1982). Parents influence their 
children's educational performance in direct and indirect ways. Male 
students report that they receive more pressure to achieve and to con­
tinue enrolling in math and science courses by their parents than do 
female students (Chipman & Thomas, 1985; Leder, 1985). And parents' 
goals for the future employment of their children indicate that they 
still view technical careers as being primarily for men (Gross, 1988). 
Numerous studies have found that role models influence the course-
taking and career choices of female students (Almquist & Angrist, 1970; 
Douvan, 1975; Tobin & Fox, 1980; Campbell, 1986; Farmer, 1987). Recent 
reports addressing the shortage of scientists and engineers recommend 
altering stereotypes through the use of nontraditional role models 
(Nurturing Science, 1987; Clewell & Anderson, 1991). 
In sum, the literature suggests that girls' negative attitudes 
toward science and math have been acquired through socialization and that 
the introduction of nontraditional female role models may be one effec­
tive means to change attitudes and reduce the resulting gender stereotyp­
ing of careers. 
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METHODS 
An intervention that included female role models was designed for 
9th grade students in selected Iowa schools. The goal of the project was 
to change students' attitudes toward science, math and technical careers. 
We chose to develop an intervention that utilized female role models for 
several reasons. First, the project team had previous experience with a 
role model pilot project and wanted to fine-tune it. Second, given 
available resources, a role model project offered a more feasible and 
direct way to change students' attitudes than a project that would 
encourage teachers or parents to influence students. The study was 
targeted toward students in 9th grade science classes because the 9th 
grade is a critical year in which to influence students' future academic 
course selection and ultimate career choice. Students begin to make 
academic decisions, such as enrolling in general math rather than al­
gebra , during 9th grade. 
The intervention was completed in three phases which are summarized 
below. This paper will focus on activities in Phases I and II of the 
project - the design and administration of the pre-test and the analysis 
of the data from it. 
Phase I (1988) 
1. Design of pre- and post-test instruments 
2. Design of intervention and training of project staff 
3. Selection of schools 
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Phase II (1989-1990) 
1. Teachers select experimental groups: 
Group A - Control group (mixed class) 
Group B - Treatment group (mixed class) 
Group C - Treatment group (all-girl class) 
2. Teachers administer pre-test to Groups A, B, and G 
3. Project staff present intervention to Groups B and C 
4. Teachers administer post-test to groups A, B, and C 
Phase III (1991) 
1. Analysis of data from pre-test and post-test 
Design of the Pre-test Instrument 
A short questionnaire was required that included measures shown in 
past research to be associated with students' interest in and attitudes 
toward science, math and technical careers. Because we were unable to 
locate a single scale that included all three dimensions, an instrument 
was constructed that included items from the Fennema-Sherman Mathematics 
Attitude Scales (Fennema & Sherman, 1976), the Attitude to Science Scales 
(Kelly, 1978), and the Women in Science Scales (Erb & Smith, 1984). 
Items from eight Fennema and Sherman scales were included in Section 1 of 
the instrument; Teacher, Confidence in Learning, Effectance Motivation 
in Mathematics, Mother, Father, Usefulness of Mathematics, Attitude 
toward Success in Mathematics, and Mathematics as a Male Domain. Items 
from Kelly's LIKESCIE (Like Science), ACTIVITY, EXPECT, and SCIWORLD 
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(Science World) and Erb and Smith's Women in Science Scale were also 
included. 
Items that referred to science in the original scales were repeated 
so that duplicate items referred to math and vice versa. In addition, 
the research team developed six new items: four reflected students' 
interest in working as scientists and engineers and two reflected concern 
about being considered a "nerd" for earning A's in science or math. 
Faculty and staff reviewed all 67 items for content validity (see Ap­
pendix) . 
Positive and negative statements were listed randomly in the instru­
ment. Students' responses could range from strongly agree to strongly 
disagree, or not applicable as outlined below. 
1 = Strongly agree 4 = Disagree 
2 = Agree 5 = Strongly disagree 
3 = Uncertain 6 = Not Applicable 
Section 2 of the instrument, which will not be reviewed in this 
paper, included 19 items regarding future educational plans. Section 3 
consisted of 7 demographic items: who the students lived with, their 
race, their letter grade average, the occupations of their father and 
mother, and the number of years of education completed by their father 
and mother. 
Selection of Schools 
Letters explaining the intervention project were sent to the princi­
pals of eleven Iowa schools. The schools were selected because they were 
large enough to have a minimum of three ninth grade science classes 
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taught by one science teacher but small enough to reflect the many small 
communities that are spread across Iowa. Principals were asked to assign 
a ninth grade science teacher to work on the project. Only one principal 
declined to participate. 
Participating schools shared many common characteristics. For 
example, the schools were located in communities ranging from 5,000 to 
9,300 residents. The school district populations ranged from 8,689 to 
12,085 and enrollments ranged from 1455 to 2006 students. The enroll­
ments in eight of the ten districts were at least twice as large as those 
of any other school district in their respective counties. The remaining 
two school districts were located in one county. All nine counties have 
experienced low divorce rates ranging from 2.6 to 4.4 occurrences per 
thousand population and crime rates of 1.7 to 3.1 occurrences per thou­
sand. Unemployment rates range from 4.3 to 7 percent (U.S. Department of 
Commerce, 1988). 
Selection of Classes and 
Administration of Pre-test 
Cooperating science teachers selected at least three of their 9th 
grade science classes to participate in the project. The teachers 
administered the pre-test questionnaire to all students in selected 
classes. The project was repeated in each school a second year in order 
to ensure that the first year results were representative of students in 
their respective schools. During 1989 and 1990, a total of 1815 students 
completed the questionnaire. 
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Analysis of Data 
The records of students who used the same response on 80% or more of 
the 67 items in Section 1 and those who had missing values of 20% or 
higher on the 94 items in the test were removed from the data base. This 
resulted in a data base that included the responses of 1720 students. 
Demographic data were aggregated by year by school to determine if 
students who participated during the first year (1989) were representa­
tive of students in their schools. Because the between-year differences 
were minimal, the data from both years was combined. 
Likert scale responses to the 67 attitude items were analyzed using 
a scale of 1-5 with the most positive response being assigned the value 
of "1". The "not applicable" response and the "uncertain" response were 
both assigned the value of "3", resulting in a five point Likert scale. 
The frequency distributions of responses to these attitude items were 
reviewed for skewness. To prevent artifactual factors based on difficul­
ty, eleven items with extreme skewness were not included in the factor 
analysis. An item was considered skewed if at least 80% of the girls or 
boys indicated they agreed (or disagreed) with the item. 
The remaining 56 items were submitted to principal components 
analysis with Varimax rotation. The analysis was conducted separately 
for girls and boys because girls' and boys' attitudes toward science and 
math are so different. Responses of 1616 students - 921 girls and 695 
boys - were included in the factor analysis; of the original 1720, 8 
students were removed because the gender identifier was missing and 41 
girls and 55 boys were removed because of missing values. 
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RESULTS 
Demographics 
Overall, female students represented 56.3% of all participants with 
a between-school range of 44.05% to 71.14%. The predominant majority of 
all students, 87.4%, were Caucasian with a between-school range of 
81.8-94.4%. The small minority population included 6% American Indian, 
3.4% Asian, 1.7% Hispanic and 1.5% Black. 
To determine their academic standing within their schools, students 
were asked if they would generally describe themselves as A students, A 
and B students, B students, B and C students, C students, C and D stu­
dents , D students or F students. Their responses were condensed into the 
categories shown in Table 1. Girls' average grades were found to be 
higher than boys'. The Chi-Square test found these letter grade differ­
ences to be significant at the .001 level. 
Table 1. Students' self-reported academic standing; mean scores (%) 
Between-School Range 
Grade Boys Girls Girls and Boys Combined 
A- / A 
B- / B 
C- / C 
D- / D 
F 
33.66% 
38.09% 
24.10% 
3.88% 
0% 
43.66% 
38.82% 
16.14% 
1.16% 
0% 
22.52-48.46% 
27.69-47.75% 
13.39-27.03% 
.69-4.07% 
0% 
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The majority of students reported that they came from two-parent 
households: 76.6% lived with both parents; 15.5% lived with their 
mothers; 4.8% with their fathers; and 3% lived with neither parent. Of 
the students living with one parent, 76.2% lived with their mothers. 
More than 17% of the students did not know how many years of education 
their mothers had completed and 6.8% reported that their mothers had not 
completed high school. Students reported that 37.1% of their mothers had 
completed high school, 26.3% had completed some college and 12.7% had 
completed at least a bachelor's degree. These results are summarized in 
Table 2 below. Almost 22% of the students did not know how many years of 
education their fathers had completed. Of the remaining 78.1%, 7.3% said 
their fathers had not completed high school, 31.3% had completed high 
school, 23.2% had completed some college and 16.3% had completed at least 
a bachelor's degree. These results are summarized in Table 2 below. 
Table 2. Parents' years of education (%) 
Mother Father 
Between Between 
School School 
Mean Range(%) Mean Range(%) 
Less than H.S. 6.8 2.9-10.5 7.3 3.5-12.0 
High School 37.1 32.4-43.5 31.3 27.0-46.2 
Some College 26.3 18.9-34.5 23.2 13.6-31.2 
B.S. or More 12.7 8.9-17.6 16.3 8.3-22.5 
Don't Know 17.1 11.0-23.5 21.9 16.5-33.3 
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Students were asked to select their parents' occupations from a list 
of ten categories. They responded that 20.1% of their mothers and 22.5% 
of their fathers owned or managed businesses or were professionals. 
Office and sales work employed 24.8% of the mothers and 14.2% of fathers, 
while 6.6% of the mothers and 11.7% of the fathers were farmers. 
Mothers' employment in the skilled trades (6.7%) and factory work (6.8%) 
compared to fathers' employment of 16.4% for skilled trades and 12.7% for 
factory work. Only 11.1% of mothers were employed as homemakers. Over 
14% of the responses on both mothers' and fathers' employment indicated 
that their parents were employed in occupations not included in the list 
included in the survey. Table 3 below summarizes additional information 
about parents' occupations. 
Table 3. Parents' occupations (%) 
Between 
Mothers' School Fathers' School 
Mean Range Mean Range 
Professional/Owner 20 .1 18, .2-25, .7 22.5 17 .3-28, .5 
Office/Sales 24, ,8 14. ,6-40. ,4 14.2 8, 8-17. ,6 
Farming 6 .6 1, 9-18, .5 11.7 6 .4-15, ,5 
Skilled Trade 6, 7 5. ,3-11. ,0 16.4 8, 8-23. ,3 
Factory Work 6, .8 2, .1-18, .4 12.7 6 .1-23, ,9 
Homemaker 11, ,1 5. 7-18. ,3 * * 
Disabled/Retired 2 .5 0 - 8, .5 4.6 .9-10, ,7 
Unemployed 7, .3 3. ,5-13, ,3 3.1 ,6- 9. ,9 
Deceased 2, .0 0 - 5, 8 1.5 .5- 3. ,2 
Other 13. 9 11. ,2-21. ,1 13.4 7, 2-22. ,9 
*Not listed as option for fathers. 
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Skewed Attitude Variables 
The frequency distributions revealed eleven items with which at 
least 80% of the girls or boys indicated they agreed/strongly agreed or 
disagreed/strongly disagreed. These skewed items reflected the stereo­
types of math and science as male domains or career/family conflicts and 
are listed in Table 4 below. 
Table 4. Items with skewed distributions: Percent of girls and boys who 
disagreed or agreed 
Response %Girls %Boys 
Studying math is just as 
appropriate for women as for men. Agree 96. 8 83. 5 
A successful career is as important 
to a woman as it is to a man. Agree . 96. 0 81. ,4 
Math is more for men than women. Disagree 93. 4 69, .8 
Girls who enjoy studying math are 
unfeminine. Disagree 92. 6 70. ,6 
Girls who enjoy studying 
science are unfeminine. Disagree 91, ,7 66. 9 
Studying science is just as 
important for women as for men. Agree 91, 4 82, .5 
Males are naturally better than 
females in math. Disagree 90, .0 65, ,9 
Women can combine successful 
careers with successful marriages. Agree 85, .7 67, .1 
Males are naturally better than 
females in science. Disagree 85.4 60 .2 
Science is for men more than for women. Disagree 83 .5 66 .0 
It is more important for a woman to be a 
successful wife and mother than it is to 
be successful in a career. Disagree 79, .6 52, .7 
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Girls' responses to all eleven items were more skewed than the boys' 
responses, indicating that girls' attitudes toward the role of females in 
science, math and careers was more positive than boys'. It is interest­
ing to note, however, that neither girls' nor boys' responses indicated 
much support for gender stereotyping. Gender stereotyping was most 
supported by boys on two items: "Males are naturally better than females 
in math" (39.8% agreed or strongly agreed) and "It is more important for 
a woman to be a successful wife and mother than it is to be successful in 
a career" (47.3% agreed or strongly agreed). 
Results of Factor Analysis 
The factor analysis was conducted separately for girls and boys. 
Students' responses to the items defined seven factors: 1) LIKING 
SCIENCE explained 13,7% of the variance in the responses for girls and 
12.6% for boys; 2) LIKING MATH explained 12.4% of the variance for girls 
and 11.6% for boys; 3) PARENTS' assessment of student's ability in 
science/mathematics explained 6.1% for girls and 5.3% for boys; 4) 
wanting RECOGNITION for achievement in science/mathematics explained 5.1% 
and 5.4%; 5) UTILITY of science/mathematics for future careers explained 
4.3% of the variance for girls and 4.1% for boys; 6) being fearful of the 
NERD image (3.8% and 4.6%); 7) and understanding science/engineering JOBS 
(3.3% and 3.4%). Although the factor weights for girls and boys were 
somewhat different, the differences were not striking. Fifty-four items 
loaded on the same factors for both girls and boys, resulting in common 
factors but different factor ordering. All factor loadings are shown in 
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Table 5. These factors explained a total of 49% of the variance for 
girls and 47% of the variance for boys. 
Seventeen items loaded on LIKING SCIENCE and fourteen similar items 
loaded on LIKING MATH. Eight items loaded on PARENTS; four referred to 
mother and four to father. Four positive items loaded on RECOGNITION and 
four negative items loaded on NERD. Four items relating to the need for 
science and math in one's life work loaded on UTILITY and three items 
loaded on JOB. Two items that loaded on different factors for girls and 
boys were not included in further analysis. Most of the factor loadings 
are above .50, with half or more above .70. Items that loaded on the JOB 
factor were the most problematic. Of the three JOB items, one had a low 
loading for girls and the other two had low loadings for boys. The 
common items that defined the seven factors and their factor loadings 
after rotation are listed in Table 5. 
Pre-test correlations between factors for females were generally 
positive, ranging from -.3 (factor 1 and factor 6) to .44 (factor 1 and 
factor 5). Correlations for males were all positive, ranging between .01 
(factor 6 and factor 7) to .47 (factor 1 and factor 5). Correlation 
patterns were similar for females and males with factor 1 tending to 
correlate highest with other factors and factor 6 tending to correlate 
lowest with other factors. (See Appendix, pp. 141-142.) 
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Table 5. Factor analysis of attitude assessment items 
Factor 
Loadings 
Girls Boys 
LIKING SCIENCE Factor Number 1 1 
I like science more than most other subjects. .73 .71 
I have a lot of self-confidence when it comes to science. .72 .75 
I can picture myself working as an engineer someday. .68 .73 
I would like to study science after the end of this 
school year. .68 .63 
I'm not the type to do well in science. .67 .71 
The marks I get in science are usually better than 
most other subjects. .67 .71 
I can picture myself working as a scientist someday. .64 .66 
Once I start trying to work on a science problem, I 
find it hard to stop. .63 .55 
Science is a very difficult subject. .61 .52 
Science teachers have made me feel I have the ability 
to go on in science. .60 .54 
I want to learn all I can about science. .59 .55 
There are too many facts to learn in science. .59 .46 
I enjoy watching science programs on TV. .56 .38 
Science has many technical terms that are hard to 
remember. .53 .32 
I do as little work in science as possible. .49 .42 
Science makes life more pleasant. .38 .51 
My teachers think that advanced science is a waste 
of time for me. .31 .39 
LIKING MATH Factor Number 2 2 
I have a lot of self-confidence when it comes to math. .83 .78 
I like math more than most other subjects. .80 .76 
The marks I get in math are usually better than in 
most other subjects. .78 .67 
I'm not the type to do well in math. .74 .67 
Math is a very difficult subject. .69 .57 
Math teachers have made me feel I have the ability 
to go on in mathematics. .69 .69 
Once I start trying to work on a math puzzle, I find 
it is hard to stop. .68 .67 
There are too many facts to learn in math. .65 .51 
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Table 5. Continued 
Factor 
Loadings 
Girls Boys 
I want to learn all I can about math. .57 .60 
Math has many technical terms that are hard to remember. .55 .42 
I enjoy watching math programs on TV. .51 .52 
I do as little work in math as possible. .51 .51 
My teachers think that advanced math is a waste of 
time for me. .50 .53 
I would like to study math after the end of this 
school year. .49 .58 
PARENTS Factor Number 3 4 
My father thinks I would be good in math. .69 .61 
My mother thinks I could be good in math. . 65 .61 
My father wouldn't encourage me to plan a career that 
involves math. .64 .40 
My father thinks I could be good in science. .62 .60 
My mother thinks I could be good in science. .56 .65 
My mother wouldn't encourage me to plan a career that 
involves math. .53 .42 
My father wouldn't encourage me to plan a career that 
involves science. .53 .51 
My mother wouldn't encourage me to plan a career that 
involves science. .50 .48 
RECOGNITION Factor Number 4 3 
Being regarded as smart in math would be a great thing. .74 .65 
It would be really great to win a prize in math. .69 .49 
Being regarded as smart in science would be a great thing. .68 .62 
It would be really great to win a prize in science. .58 .52 
UTILITY Factor Number 5 6 
I'll need math for my future work. .64 .55 
Math will not be important to me in my life's work. .63 .51 
Science will not be important to me in my life's work. .54 .54 
I'll need science for my future work. .52 .51 
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Table 5. Continued 
Factor 
Loadings 
Girls Bovs 
NERD Factor Number 6 5 
People would think I was a nerd if I got A's in msth. .60 .57 
People would think I was a nerd if I got A's in science. .59 .59 
Science is steadily destroying the world .44 .28 
Science is making us slaves to machines. .41 .47 
JOB Factor Number 7 7 
I have a good idea about what an engineer does on the job. .70 .18 
I have a good idea about what a scientist does on the job. .66 .21 
I have a hobby of collecting flowers, or leaves, or 
insects, or rocks, or fossils. .16 .47 
Reliabilities 
_ _ niT ' 
The Spearman-Brown formula r = 77";—rr—7 was used to test the 
^ l+(n-l)r' 
reliability of the factor loadings. Reliability coefficients were high 
for factors 1-5 and in all cases were higher for girls than boys. Table 
6 below summarizes the results. 
Table 6. Reliability coefficients for factor loadings by gender 
Factorl Factor2 FactorS Factor4 Factors Factor6 Factor? 
Girls .902 .908 .811 .768 .673 .584 .509 
Boys .887 .890 .762 .658 .607 .542 .212 
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Construct Validity 
The literature suggests that students' attitudes toward science and 
math may be related to their academic achievement and their parents' 
socio-economic status. In order to test the construct validity of the 
seven factors, we computed correlations between parents' education, 
students' high school averages and factor scores. Table 7 below sum­
marizes the results. 
Table 7. Correlation coefficients 
Factorl Factor2 Factor3 Factor4 Factor5 Factor6 Factor7 
Fathers' Education 
Girls .161* .023 .206* .145* .142* .087* .020 
Boys .268* .142* .284* .185* .159* .099* .132* 
Mothers' Education 
Girls .125* .001 .165* .067 .160* .122* .045 
Boys .233* .094* .247* .126* .139* .050 .119* 
Students ' Grade Average 
Girls .348* .287* .338* .214* .310* .098* .007 
Boys .411* .376* .374* .241* .258* .201* .109* 
^Significant at .05 level. 
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DISCUSSION 
In the pre-test of this role model intervention project, it was 
found that more than 80% of the girls and at least 60% of the boys who 
participated rejected overt sex role stereotyping. This was reflected in 
the skewed frequency distributions for items listed in Table 4. These 
results also confirmed those of other researchers (Brush, 1980; Chipman & 
Thomas, 1985) who found that girls' responses are stronger than boys' to 
statements that math and science are open to both males and females. The 
results contradicted the findings of Gross (1980), who reported that a 
high proportion of males in her study believed that males are better than 
females in math. 
As reflected in Table 4, Items with Skewed Distributions, girls' 
responses to gender stereotyping were stronger than boys' for all eleven 
items. Girls' responses were stronger to statements about math than to 
statements about science, reflecting their greater ambivalence toward 
science. Statements about combining career and family were less strongly 
endorsed by both girls and boys, perhaps relating to the commonly held 
gender perceptions that scientists are male, that the work is hard, and 
they work alone. More than half of the boys rejected overt sex role 
stereotyping. Males' responses were strongest to statements affirming 
that studying math, science, and having careers are as important to 
females as males. Their responses were not as strong to statements 
comparing the ability of males and females in math and science and to 
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statements about the femininity of girls who enjoy studying math and 
science. 
The results of the factor analysis for girls and for boys were 
positive. Most items loaded on common factors for girls and boys. Most 
loadings were above .50. The factor loadings did reveal several inter­
esting and unexpected patterns. Items describing students' perceptions 
about the assessment of their teachers regarding their ability in science 
and math loaded on the LIKING SCIENCE and LIKING MATH factors. However, 
similar items describing students' perceptions about their parents' 
assessment of their ability in science and math loaded on a separate 
factor, the PARENT factor. Further study might reveal some interesting 
and useful explanations for this difference. Second, items that stated 
"I can picture myself working as a scientist (or engineer) sqmeday" 
loaded on LIKING SCIENCE. However, items stating "I have a good idea 
about what an engineer (or scientist) does on the job" loaded on JOB. 
The three items that loaded on JOB reflected the greatest inconsistency 
between girls and boys. Researchers interested in the JOB factor should 
prepare additional items to measure it for future research. 
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ABSTRACT 
This is the second in a series of three articles describing an 
intervention project utilizing female role models. The project was 
designed to change ninth grade students' attitudes toward science and 
math. In this paper we describe attitudinal data collected on a pre-test 
questionnaire. Students' attitudes toward math were found to be positive 
with no significant gender differences. Their attitudes toward science 
were less positive than their attitudes toward math with girls' attitudes 
being significantly less positive than boys'. 
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INTRODUCTION 
The projected shortage of scientists and engineers has focused 
national attention on the historically low participation of American 
women in these fields. Research has established that inadequate develop­
ment of mathematics skills is often a critical filter that keeps girls 
from pursuing technical curricula and careers (Malcom, 1988). Lack of 
interest in science is the second critical filter. As early as the fifth 
grade, girls choose science as a favorite subject less often than boys 
and are likely to see science as less applicable and less useful (Zerega 
& Walberg, 1984). 
The first major objective of the research described in this paper 
was to complete a literature review to determine why girls do not take 
math and science courses. The second objective was to analyze and 
describe attitudinal data relating to math and science that was collected 
from 1720 ninth grade students during 1989 and 1990 in ten Iowa schools 
that were the settings for a role model intervention project designed to 
improve attitudes toward math and science. 
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LITERATURE REVIEW 
Gross (1988) found that as early as fourth grade female students 
were somewhat less confident in their abilities than their male counter­
parts and they requested help from others more often than males. The 
expectations of parents, peers, school and society about sex appropriate 
behaviors relating to science and math are reinforced by the media 
(Leder, 1985; Sherman, 1987). The media continue to promote the idea 
that girls cannot be expected to do as well as boys in science and math 
and the result is that girls do not do as well (Hall & Hoff, 1988). 
Also as early as the fourth grade, girls and boys perceive math as 
being more for boys than for girls (Brush, 1980; Mullis et al., 1991). 
Even when their mathematical ability is equal to boys, girls rule out 
mathematics-related careers more often than boys do (Fennema and Peter­
son, 1987). The perceived utility of math is often more apparent to 
males than females (Pedro et al., 1981; Chipman and Thomas, 1985; Eccles, 
1986; Gross, 1988; Fennema, 1990). These perceptions are important be­
cause perceived utility has been found to be the most important predictor 
of both girls' and boys' plans to study mathematics (Gross, 1988). 
The ways in which students attribute causation for their successes 
and failures is prominent in the literature about gender differences in 
mathematics (Jacobs & Eccles, 1985; Meyer & Koehler, 1990; Fennema et 
al., 1990). A high proportion of male students who participated in a 
study conducted by Gross (1988) reported that males were better than 
females in math. While females expressed the opinion that math is a 
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field open to both males and females more strongly than males do (Brush, 
1980; Chipman & Thomas, 1985), females reported less confidence in their 
mathematical ability than males and exhibited an attribution style and 
other achievement-related behaviors that inhibited their persistence in 
math (Fennema, 1990). 
Self-concept has been found to better predict a science career 
preference than all other variables except gender (Jacobowitz, 1983). 
Science is viewed as difficult, requiring sacrifice and persistence. 
Perceptions that scientists are objective, logical, emotionally neutral, 
and work alone are in conflict with the traditional gender role for 
females, forcing young women who are considering careers in science to 
choose between being "feminine" or being "scientific" (Frieze and Hanusa, 
1984). Vockell and Lobonc (1981) found that girls rated the physical 
sciences as more masculine than the biological sciences. Parents' ideas 
about the desired outcomes of courses have been found to affect educa­
tional performance (Leder, 1985). Parents' goals for the future employ­
ment of their children indicate that they still view technical careers as 
being primarily for men (Gross, 1988). 
Schools have been identified as a major cause of the educational 
inequity that results in differential performance in mathematics (Grant, 
1985). Schools' success rates in helping females learn mathematics 
varies considerably between schools; in some schools more females than 
males are enrolled in advanced mathematics classes (Fennema et al., 
1990). Teachers' influence the development of students' sex role stan­
dards, communicated to girls and boys through differential treatment and 
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differential expectations of success (Leder, 1985; Fennema et al., 1990). 
Teachers' instructional decisions influence students' internal motiva­
tional beliefs and also their participation in classroom learning activi­
ties (Chipman & Thomas, 1985; Germann, 1988; Mason & Kahle, 1988; Fennema 
et al., 1990). 
Numerous studies have found that role models may influence the 
course-taking and career choices of female students (Almquist & Angrist, 
1970; Douvan, 1976; Tobin & Fox, 1980; Campbell, 1986; Farmer, 1987). 
Recent reports addressing the shortage of scientists and engineers 
recommend altering stereotypes through the use of nontraditional role 
models (Nurturing Science, 1987; Clewell & Anderson, 1991). 
In summary, the literature suggests that girls' negative attitudes 
toward science and math have been acquired through socialization and that 
the introduction of nontraditional female role models may be one effec­
tive means to change attitudes and reduce the resulting gender stereo­
typing of careers. 
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METHODS 
An intervention that included female role models was designed for 
9th grade students in selected Iowa schools. The goal of the project was 
to change students' attitudes toward science, math and technical careers. 
We chose to develop an intervention that utilized female role models for 
several reasons. First, the project team had previous experience with a 
role model pilot project and wanted to fine-tune it. Second, given the 
limited resources available, a role model project offered a more feasible 
and direct way to change students' attitudes than a project to encourage 
teachers or parents to influence students. The study was targeted toward 
students in 9th grade science classes because the 9th grade is a critical 
year in which to influence students' future academic course selection and 
ultimate career choice. Students begin to make academic decisions, such 
as enrolling in general math rather than algebra, during 9th grade. 
Students who do not take algebra are less likely to take other math or 
science courses. 
The intervention was completed in three phases which are summarized 
below. This paper will focus on the design and administration of the 
pre-test and the analysis of data from it. 
Phase I 1. Design of pre- and post-test instruments 
(1988) 2. Design of intervention and training of project staff 
3. Selection of schools 
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Phase II 1. Teachers select experimental groups: 
(1989-91) Group A - Control group (mixed gender class) 
Group B - Treatment group (mixed gender class) 
Group C - Treatment group (girls only class) 
2. Teachers administer pre-test to Groups A, B, and C 
3. Project staff present intervention to Groups B and C 
4. Teachers administer first and second post-tests to groups 
A, B, and G 
Phase III 1. Analysis of Data 
(1991) 
Design of the Pre-test Instrument 
A pre-test questionnaire was constructed to include measures shown 
in past research to be associated with students' interest in and atti­
tudes toward science and math and technical careers. The instrument 
included 95 questions divided into three major sections. Section 1 
consisted of 67 statements designed to measure students' attitudes toward 
science and mathematics and technical careers and their attitudes toward 
females in technical areas. Section 2 of the pre-test included 19 items 
that focused on students' plans for enrollment in high school science and 
mathematics courses and their plans for post-secondary education. 
Section 3 consisted of eight demographic items about the students and 
their parents. The 95th item was open-ended and asked students to list 
their present career plans. Because preliminary analysis of item 95 
revealed little change from pre- to post-test, further analysis was 
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discontinued. This paper will focus on Section 1 of the pre-test. 
The Fennema-Sherman Mathematics Attitude Scale (Fennema & Sherman, 
1976), the Attitudes toward Science Scale (Kelly, 1978), and the Erb and 
Smith Women in Science Scale (1984) were used as models. Items from 
eight Fennema and Sherman scales were included: teacher, confidence in 
learning, effectance motivation in mathematics, mother, father, useful­
ness of mathematics, attitude toward success in mathematics, and mathe­
matics as a male domain. Items from Kelly's LIKESCIE, ACTIVITY, EXPECT, 
and SCIWORLD scales and Erb and Smith's Women in Science Scale were also 
included. 
Items that referred to science in the original scales were repeated 
so that duplicate items referred to math and vice versa. In addition, 
the research team developed six new items: four reflected students' 
interest in working as scientists and engineers and two reflected concern 
about being considered a "nerd" for earning A's in science or math. 
Faculty and staff in psychology and statistics at Iowa State University 
reviewed all 67 items for content validity. (See Appendix). 
Positive and negative statements were listed randomly in the instru­
ment to avoid response biases. Students' responses could range from 
strongly agree to strongly disagree, or not applicable as outlined below: 
1 = Strongly agree 
2 = Agree 
3 = Uncertain 
4 = Disagree 
5 = Strongly disagree 
6 = Not Applicable 
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Selection of Schools 
Letters explaining the project were sent to the principals of eleven Iowa 
schools in 1988. The schools were selected because they were large 
enough to have a minimum of three ninth grade science classes taught by 
one science teacher but small enough to reflect the many small communi­
ties that are spread across Iowa. Principals were asked to assign a 
ninth grade science teacher to work on the project. Only one principal 
declined to participate. 
Participating schools shared many common characteristics. For 
example, the schools were located in communities ranging from 5,000 to 
9,300 residents. The school district populations ranged from 8,689 to 
12,085 and enrollments ranged from 1455 to 2006 students. The enroll­
ments in eight of the ten districts were at least twice as large as those 
of any other school district in their respective counties. The remaining 
two school districts were located in one county. All nine counties have 
experienced low divorce rates ranging from 2.6 to 4.4 occurrences per 
thousand population and low crime rates of 1.7 to 3.1 occurrences per 
thousand. Unemployment rates range from 4.3 to 7 percent (U. S. Depart­
ment of Commerce, 1988). 
Selection of Classes and 
Administration of Pre- and Post-tests 
Cooperating science teachers selected at least three of their 9th 
grade science classes to participate in the project. During 1989 and 
1990, a total of 1815 students completed the questionnaire. The teachers 
administered the pre-test and post-test questionnaires to all students in 
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selected classes. The project was repeated in each school a second year 
in order to ensure that the first year results were representative of 
students in their respective schools. 
The records of students who used the same response on 80% or more of 
the 67 items in Section 1 and those who had missing values of 20% or 
higher on the 94 items in the test were removed from the data base. This 
resulted in a data base that included the responses of 1720 students. 
Demographic data were aggregated by year by school to determine if 
students who participated during the first year (1989) were representa­
tive of students in their schools. Because the between-year differences 
were minimal, the data from both years was combined. 
Likert scale responses to items 1-67 were analyzed using a scale of 
1-5 with the most positive response being assigned the value of "1". The 
"not applicable" response and the "uncertain" response were both assigned 
the value of "3". The frequency distributions of responses to these 
attitudes items were reviewed for skewness. To prevent artifactual 
factors based on difficulty, eleven items with extreme skewness were not 
included in the factor analysis. An item was considered skewed if at 
least 80% of the girls or boys indicated they agreed (or disagreed) with 
the item. 
The remaining 56 items were submitted to principal components 
analysis with Varimax rotation. The analysis was conducted separately 
for girls and boys because girls' and boys' attitudes toward science and 
math are so different. The responses of 1616 students - 921 girls and 
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695 boys - were included in the factor analysis; of the original 1720, 8 
students were removed because the gender identifier was missing and 41 
girls and 55 boys were removed because of missing values. 
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RESULTS 
Students' responses to the items defined seven factors: LIKING 
SCIENCE; LIKING MATH; PARENTS' assessment of student's ability in 
science/mathematics ; wanting RECOGNITION for achievement in science/ 
mathematics ; UTILITY of science/mathematics for future careers ; being 
fearful of the NERD image; and understanding science/engineering JOBS. 
These seven factors accounted for 48 percent of the variance in the 
questionnaire items. Although the factor weights were somewhat dif­
ferent, 54 items loaded on the same factors for both girls and boys, 
resulting in common factors but different factor ordering. 
Seventeen items loaded on LIKING SCIENCE and included positive and 
negative statements about enjoyment of science, success and self-
confidence in science, and perceptions about teachers' assessment of the 
student's ability in science. Fourteen similar items loaded on LIKING 
MATH. Eight items loaded on PARENTS. Four referred to mother's assess­
ment of the student's ability in science and math and four identical 
questions referred to father's assessment. Each of the four items that 
loaded on RECOGNITION stated that it would be great to get recognition 
for being smart in science or math. Four negative items about science 
and fear of being considered a nerd loaded on NERD. Four items relating 
to the need for science and math in one's life work loaded on UTILITY. 
And three items relating to the student's understanding about what 
engineers and scientists do loaded on JOB. Two items that loaded on 
different factors for girls and boys were not included in further analy­
sis . 
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Mean factor scores on the seven factors were computed separately for 
girls and boys using the school as the unit of analysis. The General 
Linear Models Procedure was used to test the significance of differences 
between girls' and boys' mean factor scores and the significance of the 
differences between mean factor scores by school by gender. The results 
are summarized in Table 1 below. 
Table 1. Factor means by gender 
Probability of a 
Larger Statistic 
(t or F) 
Sig. Sig. Diff. 
Diff. Between 
Girls/ Schools 
Girls Boys Boys Girl Boy 
Factor 1 LIKING SCIENCE 3 .28 3 .06 .001 .001 .010 
Factor 2 LIKING MATH 2. 75 2. 78 NS .001 .001 
Factor 3 PARENTS 2, .37 2 .41 NS .001 .050 
Factor 4 NERD 2, .13 2, .24 .010 .001 .001 
Factor 5 RECOGNITION 1, .99 2 .27 .001 .001 .001 
Factor 6 UTILITY 2, .45 2, 31 .001 .001 .001 
Factor 7 JOBS 3, .35 3. 22 .001 NS NS 
Note : Scores are based on a 5-point Likert scale with 1 being the 
most positive response. 
The LIKING SCIENCE mean factor score for girls (3.28) was signifi­
cantly higher than the score for boys (3.06), indicating that girls had 
more negative attitudes toward science than boys. This pattern was 
evident in all ten schools. Between schools, the mean factor score for 
75 
girls ranged from 2.94 to 3.52 and for boys it ranged from 2.72 to 3.20. 
Between-school differences were significant for both girls and boys. 
Four of the five schools with the most positive factor scores for girls 
on LIKING SCIENCE also ranked in the top five schools for boys. Table 2 
in the appendix summarizes mean factor scores by gender by school. 
No gender differences were found in the LIKING MATH mean factor 
scores. The mean score for girls was 2.75 with a between-school range of 
2.31 to 3.15. The mean score for boys was 2.78 with a between-school 
range of 2.15 to 3.02. The between-school differences for girls' mean 
factor scores and for boys' mean factor scores were significant. In four 
schools the girls' mean scores were lower than the boys, reflecting that 
girls in these schools had more positive attitudes toward math than the 
boys who were their classmates; in three schools the differences were 
negligible; and in three schools the boys' mean scores were lower than 
the girls'. Four schools that ranked in the top five schools for girls 
also ranked in the top five for boys. 
A comparison of the mean scores by school by gender for LIKING 
SCIENCE and LIKING MATH revealed that there were no consistent between-
school patterns for these two factors. For example, School 2 had the 
lowest mean scores for both girls and boys on LIKING SCIENCE. For LIKING 
MATH, School 2 had the highest mean score for girls and for boys it was 
the second highest. Only one school was among the top five schools for 
both science and math. In that one school, there were no differences 
between girls and boys on either the LIKING SCIENCE or LIKING MATH 
76 
factors. Figure 1 summarizes the differences between schools by gender 
for LIKING SCIENCE and LIKING MATH. 
Girls and boys shared the perception that their PARENTS encouraged 
them to succeed in science and math. The mean score on the PARENTS 
factor was 2.37 for girls with a between-school range from 2.12 to 2.49. 
The mean score was 2.41 for boys with a between-school range from 2.19 to 
3.28. The difference between the girls' and boys' factor scores was not 
significant. However, the between-school differences by gender were sig­
nificant for girls and boys. Because parents did not participate in the 
intervention, these items were not included in the post-test and no 
further analysis was conducted on them. 
Girls appear to be less fearful of the NERD image than boys. The 
mean score for girls on the NERD factor was 2.13 and the mean score for 
boys was 2.24. The difference between these mean factor scores was sig­
nificant. The differences in between-school mean factor scores for girls 
were significant, ranging from 1.74 to 2.33. The between-school scores 
for boys ranged from 1.9 to 2.44 and were also significant. Girls appear 
to value RECOGNITION of their successes in science and math more than 
boys. The mean score for girls on the RECOGNITION factor was 1.99 and 
the mean score for boys was 2.2. The difference between girls' and boys' 
mean scores was significant. For girls, the between-school mean factor 
scores ranged from 1.74 to 2.49; for boys, the scores ranged from 2.02 to 
2.50. The between-school ranges were also significant for both girls and 
boys. 
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Factor 1: Science 
Factor "r" 
Score 
5 6 7 
School # 
10 
GIRLS 
MEAN--GIRLS 
BOYS 
MEAN--BOYS 
Factor 2: Math 
Factor 
Score 2.4 4-
School # 
GIRLS 
MEAN--GIRLS 
BOYS 
MEAN--BOYS 
Figure 1. Comparison of mean factor scores by school by gender 
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Girls indicated less awareness of the UTILITY of science and math. 
The UTILITY mean factor score for girls (2.45) was significantly higher 
than the score for boys (2.31), indicating that girls saw less utility in 
science and math than boys. The between-school mean factor scores for 
girls ranged from 2.02 to 2.68; for boys they ranged from 2.01 to 2.5. 
The between schools differences were significant for both genders. Mean 
scores on the JOBS factor were higher than scores for the other factors 
for both girls and boys. Girls indicated they had less understanding 
than boys of the potential for future JOBS for them in science and math. 
The girls' mean score was 3.35 and the boys' mean score was 3.22, a 
significant difference. Between-school mean scores ranged from 3.24 to 
3.52 for girls and from 2.98 to 3.34 for boys. The between-school 
differences were not significant for girls or boys. 
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DISCUSSION 
The results of this study support the findings of many researchers 
that girls' attitudes toward science are significantly less positive than 
boys' attitudes. It is also important to note that both girls' and boys' 
attitudes toward science were significantly less positive than their 
attitudes toward math. 
For this group of ninth grade students there was no gender gap in 
attitudes toward math. In spite of these positive results, we cannot 
predict if the girls in this study will persist in higher level math 
courses where the literature reports that the gender gap widens. 
Girls and boys shared the perception that their PARENTS encouraged 
them to succeed in science and math. Girls appear to be less fearful of 
the NERD image than boys and also value RECOGNITION of their successes in 
science and math more than boys. However, there were substantial sex 
differences in students' aspirations to careers in which math is useful. 
When compared to the boys' mean factor scores, the girls' mean factor 
scores indicated significantly less support for.the utility of math and 
science and less understanding of the potential for future JOBS for them 
in science and engineering. 
The significant between-school variability for all factor scores 
confirms Fennema's finding that schools' success rates in helping females 
persist in science and math vary considerably between schools. This is 
also true for boys. This study did not address how these differences 
might have occurred. They may be due to teachers' attitudes and 
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abilities; they may also reflect the general attitudes of the community. 
Future research should compare the characteristics of schools that have 
been successful in counteracting sex role stereotyping in science and 
math with those that have not been successful. By identifying and 
disseminating successful models we may be able to accelerate the pace of 
change that has already begun. 
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APPENDIX 
Mean factor scores by gender by school 
LIKING SCIENCE LIKING MATH 
Girls S# Boys s# Girls s# Boys 
2.94 2 2.72 3 2.31 3 2.15 
3.02 6 2.97 9 2.53 4 2.59 
3.24 3 3.04 7 2.54 6 2.60 
3.25 5 3.05 6 2.65 9 2.67 
3.26 10 3.06 5 2.68 7 2.79 
3.35 9 3.10 8 2.81 8 2.93 
3.37 1 3.11 4 2.84 10 2.94 
3.38 4 3.11 10 2.89 5 2.96 
3.39 7 3.20 1 2.96 2 3.01 
3.52 8 3.20 2 3.15 1 3.02 
PARENTS RECOGNITION 
Girls S# Boys S# Girls S# Boys 
2. ,12 3 2. 19 6 1. 74 2 2, 02 
2 .22 2 2 .26 2 1 .78 3 2 .06 
2, .27 6 2, .30 3 1. 84 5 2, 12 
2, .28 1 2, .46 10 1 .85 10 2 .20 
2, .40 9 2, .46 5 1, .94 6 2. 22 
2, .43 7 2. 49 8 2 .02 7 2 .25 
2, .45 10 2. 49 7 2, .03 4 2, .36 
2. 46 8 2. 50 4 2. 09 9 2 .38 
2, .48 5 2. 51 9 2, .09 8 2, 44 
2 .49 4 3 .28 1 2 .49 1 2 .50 
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Table 2. Continued 
UTILITY NERD 
School# Girls S# Boys S# Girls S# Boys 
6 2, 02 3 2. ,01 6 1, 74 3 1, 90 
9 2 .29 4 2 .08 3 1, .99 6 1, .93 
3 2, 35 6 2. ,14 2 2. ,05 4 2, 14 
8 2 .42 1 2, 29 4 2, .10 7 2 .21 
7 2, .48 9 2, 32 10 2, 10 1 2, 22 
4 2 .52 2 2, 36 7 2. 11 8 2 .27 
2 2, .55 10 2. ,43 1 2, 21 2 2, .28 
10 2 .55 5 2 .47 5 2, .29 10 2 .31 
5 2, 59 7 2, 48 9 2. ,32 5 2. ,41 
1 2 .68 8 2 .50 8 2. 33 9 2 .44 
JOB 
School// Girls S// Boys 
4 3, .24 4 2.98 
7 3, 25 3 3.17 
5 3 .26 9 3.17 
6 3, 28 10 3.18 
9 3, .30 6 3.20 
3 3, 31 5 3.28 
10 3 .34 8 3.28 
2 3. ,40 2 3.29 
8 3, .44 7 3.30 
1 3, 52 1 3.34 
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ABSTRACT 
This article will describe and evaluate the effectiveness of an 
in-school intervention project that used female role models to change the 
attitudes of 964 Iowa girls and boys in 57 ninth grade science classes 
toward science, math, and technical curricula and careers. The differ­
ences between the students' mean pre- and post-test scores on each of six 
factors found to be associated with students' interest in and attitudes 
toward science and math and technical careers were analyzed to determine 
which of five experimental groups responded most positively to the 
intervention. Higher difference scores indicated that the attitudes of 
girls and boys who participated in the intervention improved more than 
the attitudes of girls and boys in the control groups. 
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INTRODUCTION 
During the past decade, the projected shortage of scientists and 
engineers has focused national attention on the barriers that keep women 
out of math, science and technical careers. Research has established 
that the prevailing stereotype - that math and science are male domains 
has been a major barrier to females' pursuit of careers in these fields 
(Vockell & Lubonc, 1981). The objective of the research described in 
this paper was to develop, implement, and measure the success of a role 
model project designed to change the attitudes of ninth grade students 
toward science, math and technical careers. 
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LITEEIATDRE REVIEW 
Many girls are filtered out of the technical career pipeline by the 
ninth grade. Girls' willingness to study math does not improve after 
that (Brush, 1980). Zerega and Walberg (1984) found that as early as the 
fifth grade, girls chose science as a favorite subject less often than 
boys, were less likely to view science careers as personally fulfilling, 
and saw science as less applicable and less useful. 
Influence of Parents, Teacher and Peers 
Students' feelings about the utility of mathematics and the impor­
tance of being successful in school result in large part from the expec­
tations and pressures of parents, teachers and peers. Students perceive 
that their parents encourage their sons more strongly than their daugh­
ters (Leder, 1985). Parents' goals for the future employment of their 
children indicate that they still view technical careers as being primar­
ily for men (Gross, 1988). 
Stereotypical ideas held by educators and reinforced in textbooks, 
teachers' attention focused mostly on males during mathematics and 
science instruction, and the structure and organization of classrooms 
have created pervasive educational inequities for girls (Leder, 1987; 
Fennema et al., 1990). Girls' more negative personal belief systems 
about mathematics are the results of these of inequities. Gross (1988) 
found that more than 50 percent of the participating principles and 60 
percent of the counselors she studied indicated that math performance 
differentials could be attributed to girls' lack of interest in mathemat-
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les; girls either feel they do not need it in their careers or they have 
lower competence in mathematics. 
Teachers' expectations for their students have been found to vary 
systematically with children's race and gender and other nonacademic 
criteria including social class, family background, and the performance 
of older siblings (Grant, 1985). Grant, who defines system dependence as 
a phenomenological concept connoting high levels of psychic identifica­
tion with teachers and school systems and strong conformity to classroom 
rules, suggests that girls in elementary school are more "system depen­
dent" than boys. Because system-dependent behaviors are reinforced by 
teachers' praise for conformity, girls receive more praise from their 
teachers than do boys. However, boys ultimately become more autonomous 
because, while system dependence rewards girls early in their education, 
it is thought to inhibit the development of autonomous learning styles 
that are necessary for academic success later in the educational process. 
Peer groups also act as an important reference for socialization. 
When asked about the importance of peers, students rate their influence 
as unimportant but tend to report that their friends share their atti­
tudes and plans for future math study (Brush, 1980). Sex-typed leisure 
activities, academic course preferences and career intentions are strong­
ly promoted by peer groups and influence sex-role differentiation (Leder, 
1985). 
The ways in which students attribute causation for their successes 
and failures are prominent in the literature about gender differences in 
mathematics (Meyer & Koehler, 1990). Females report less confidence in 
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their mathematical ability than males and exhibit an attribution style 
and other achievement-related behaviors that inhibit their persistence in 
math (Fennema, 1990). The utility of math is often more apparent to 
males than females (Chipman & Thomas, 1985; Gross, 1988; Fennema, 1990). 
Perceived usefulness has been found to be the most important predictor of 
both girls' and boys' plans to study mathematics (Pedro et al., 1981). 
Studies of academic course and career selection patterns suggest that 
ethnicity and gender factor into one's decision to pursue a science major 
or related career (Chipman & Thomas, 1987). Vockell and Lobonc (1981) 
found that girls rated the physical sciences as more masculine than the 
biological sciences. 
Jacobowitz (1983) found that self-concept better predicted a science 
career preference than all other variables except sex. As a result of 
socialization practices, boys are reinforced more than girls for their 
scientific and mathematics achievements and behaviors. Girls develop 
more negative attitudes about themselves and mathematics than boys do. 
Because of these negative attitudes and lower achievement, girls rule out 
mathematics-related careers more often than boys do (Fennema & Peterson, 
1987). 
Influence of Role Models 
Numerous studies have found that role models influence the course-
taking and career choices of female students (Almquist & Angrist, 1970; 
Douvan, 1976; Tobin & Fox, 1980; Campbell, 1986; Smith & Erb, 1986; 
Farmer, 1987). However, several studies have questioned the effective­
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ness of role models in changing girls' attitudes and behaviors toward 
science and science-related careers. Koballa (1988) found that less than 
3 percent of the girls in his study perceived women scientists as highly 
credible communicators for encouraging them to take physical science 
courses in high school. Vockell and Lobonc (1981) did not find any 
relationship between the gender of physical science teachers and girls' 
views that the physical sciences are masculine, leading them to conclude 
that sex-role modeling by physical science teachers is not an important 
factor. However, other recent reports addressing the shortage of scien­
tists and engineers recommend altering stereotypes through the use of 
nontraditional role models (Nurturing Science, 1987; Clewell & Anderson, 
1991). 
Supporting evidence is provided by female mathematicians, engineers 
and scientists and girls aspiring to technically-related careers, who 
with great regularity stress the impact of salient, supportive models in 
the development of their career plans (Casserly, 1975; Eccles-Parsons, 
1984; Hill, Pettus, & Hedin, 1990). 
The junior high school years represent a particularly important 
period at which to influence future course selection and ultimate career 
choice. The study to be described in the following section was therefore 
targeted toward students in 9th grade science classes. 
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METHODS 
The study was completed in three phases : 
Phase I 1. Design of pre- and post-test instruments 
(1988) 2. Design of intervention and training of project staff 
3. Selection of schools 
Phase II 1. Teachers select experimental groups: 
(1989-91) Group A - Control group (mixed gender class) 
Group B - Treatment group (mixed gender class) 
Group C - Treatment group (girls only class) 
2. Teachers administer pre-test to Groups A, B, and C 
3. Project staff present intervention to Groups B and C 
4. Teachers administer first and second post-tests to 
groups A, B, and C 
This paper will briefly describe the design and administration of 
the pre-test and the first post-test but will focus on the administration 
of the intervention and the analysis of the data. The development of the 
pre- and post-test instruments, the factor analysis of the test items, 
and pre-test results were described in two earlier articles in this 
series (Evans & Wang, 1992a, b). 
The pre-test instrument was constructed to include measures shown in 
past research to be associated with students' interest in and attitudes 
Phase III 1. Analysis of Data 
(1991) 
Design of the Pre- and Post-tests 
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toward science, math and technical careers. Section I consisted of 67 
statements designed to measure students' attitudes toward science and 
mathematics and their attitudes toward females in technical areas. Items 
from the Fennema-Sherman Mathematics Attitude Scales (Fennema & Sherman, 
1976), the Attitude to Science Scales (Kelly, 1978), and the Women in 
Science Scales (Erb & Smith, 1984) were used as models for the items in 
Section I. The post-test instrument repeated 27 of the pre-test assess­
ment items which we believed would provide good measures of students' 
attitudes toward technical curricula and careers and that might best 
reflect any change relating to the intervention. 
The items were moderately phrased with positive and negative state­
ments listed randomly in the instrument. Students' responses could range 
from strongly agree to strongly disagree or not applicable as shown 
below: 
Nineteen items that focused on students' plans for enrollment in 
high school science and mathematics courses and for post-secondary 
education were included in Section II of both the pre- and post-tests. 
Section 3 of the pre-test, which will not be discussed in this paper, 
consisted of 7 demographic items. 
The study was designed to evaluate the impact of the intervention on 
the attitudes of students toward science, mathematics and technical 
careers and on their future plans regarding these areas. Because it was 
hypothesized that girls might respond more positively to such an inter­
1 = Strongly agree 
2 = Agree 
3 = Uncertain 
4 =• Disagree 
5 = Strongly disagree 
6 = Not Applicable 
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vention in an all-female environment, the experimental design included 
three groups in each school : a control group - a class including both 
girls and boys who took the pre- and post-tests but did not receive the 
intervention; a mixed group - a class of girls and boys who participated 
in the complete program; and an all-girl group - a class from which the 
boys were removed before the program was administered. 
Selection of Schools 
Letters explaining the project were sent to the principals of eleven 
Iowa schools in 1988. Schools were selected that were large enough to 
have a minimum of three ninth grade science classes taught by one science 
teacher but small enough to reflect the many small communities that are 
spread across Iowa. Principals were asked to assign a ninth grade 
science teacher to work on the project. Only one principal declined to 
participate. 
Participating schools shared many common characteristics. For 
example, the schools were located in communities ranging from 5,000 to 
9,300 residents. The school district populations ranged from 8,689 to 
12,085 and enrollments ranged from 1455 to 2006 students. The enroll­
ments in eight of the ten districts were at least twice as large as those 
of any other school district in their respective counties; the remaining 
two school districts were located in one county. All nine counties have 
experienced low divorce rates ranging from 2.6 to 4.4 occurrences per 
thousand population; and crime rates of 1.7 to 3.1 occurrences per 
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thousand. Unemployment rates range from 4.3 to 7 percent (U. S. Depart­
ment of Commerce, 1988). 
Selection of Classes and 
Administration of Pre- and Post-tests 
Cooperating science teachers selected at least three of their 9th 
grade science classes to participate in the project and assigned their 
classes to one of the three experimental groups. The day before the 
intervention began, teachers administered the 96-question pre-test to all 
students in participating classes. They administered the 47-question 
post-test the day after the intervention was completed. The project was 
repeated in each school a second year in order to ensure that the first 
year results were representative of students in their respective schools. 
During 1989 and 1990, a total of 1815 students completed the pre-test 
questionnaire. 
The Project Team and Intervention 
The project team was trained to conduct a three-day in-class role 
model intervention program. The purpose of the intervention was to 
inform students about the importance of science and math courses to many 
careers; to encourage them to stay in science and math so as to not limit 
their options; to inform students about science and engineering careers; 
and to emphasize that these careers are appropriate for both men and 
women. The project team included the project director, a former high 
school science teacher who was coordinator of the Program for Women in 
Science and Engineering at Iowa State University, and two university 
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student role models majoring in engineering and agricultural science. 
On the first day of the intervention, the project director informed 
students about the importance of science and math courses to many careers 
and encouraged them to stay in science and math so as to not limit their 
options. The director also presented a general overview of some science 
and engineering careers. She emphasized that these careers are suitable 
to girls as well as to boys, and explained why girls often think that 
they can't do science and math. On the second day, the student role 
models discussed their high school and undergraduate academic and extra­
curricular activities, their past work experiences, and their future work 
and personal plans. During their dialog they emphasized the following 
points: 
1. You don't have to be a "brain" to succeed in technical fields. 
2. You sometimes have failures that you must overcome. 
3. You also have successes for which you should take credit. 
4. You don't have to be a nerd to be a scientist or engineer. 
5. You don't have to work alone as a scientist or engineer. 
6. You can be a female science or engineering student and still 
have a personal life, have fun, and plan to have a family. 
7. Working as a scientist or engineer is interesting, challenging, 
and well-compensated. 
8. You can succeed in technical fields even though you don't get 
A's in science or math courses. 
On the third day, the project director showed a career video featur­
ing seven women working in diverse nontraditional fields and provided 
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closure to the intervention. (See Appendix for a more detailed descrip­
tion of the intervention,) 
It was hypothesized that the intervention would result in a change 
in attitude toward science and math as measured by change between mean 
pre- and post-test item scores and that: 
(1) the change would be more positive for girls in the mixed treat­
ment classes than for girls in the control classes. 
(2) the change would be more positive for girls in the all-girl 
treatment classes than for girls in the control classes. 
(3) the change would be more positive for girls in the all-girl 
treatment classes than for girls in the mixed class treatment classes. 
This hypothesis was based on previous classroom experiences where girls 
in same-sex groups participated more freely in classroom discussions than 
girls in mixed-sex groups. 
(4) the change would be more positive for boys in the treatment 
classes than for boys in the control classes. 
Analysis of Data 
Likert scale responses to the 67 pre-test attitude items were 
analyzed using a scale of 1-5 with the most positive response being 
assigned the value of "1". The "not applicable" response and the "un­
certain" response were both assigned the value of "3", resulting in a 
five point Likert scale. The records of students who used the same 
response on 80% or more of the 67 items in Section 1 and those who had 
missing values of 20% or higher on the 94 items in the test were removed 
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from the data base, resulting in a data base that included the responses 
of 1720 students. 
Demographic data were aggregated by year by school to determine if 
students who participated during the first year were representative of 
students in their schools. Because the between-year differences were 
minimal, the data from both years was combined. 
The frequency distributions on responses to items 1-67 were reviewed 
for skewness. The frequency distributions revealed eleven items with 
which at least 80% of the girls or boys indicated agreement or disagree­
ment. To prevent artifactual factors based on difficulty, these items 
with extreme skewness were not included in the factor analysis. 
Students' responses to the remaining 56 items were submitted to 
principal components analysis with Varimax rotation. The responses of 
1616 students - 921 girls and 695 boys - were included in the factor 
analysis; of the original 1720, 8 students were removed because the 
gender identifier was missing and 41 girls and 55 boys were removed 
because of missing values. 
The factor analysis was conducted separately for girls and boys. 
Students' responses to the items defined seven factors: LIKING SCIENCE; 
LIKING MATH; PARENTS' assessment of student's ability in science/ 
mathematics; wanting RECOGNITION for achievement in science/mathematics; 
UTILITY of science/mathematics for future careers; being fearful of the 
NERD image; and understanding science/engineering JOBS. Although the 
factor weights were different, 54 pre-test items loaded on the same 
factors for both girls and boys. 
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Seventeen items loaded on LIKING SCIENCE and fourteen similar items 
loaded on LIKING MATH. Eight items loaded on PARENTS; four referred to 
mother and four to father. Four positive items loaded on RECOGNITION and 
four negative items loaded on NERD. Four items relating to the need for 
science and math in one's life work loaded on UTILITY and three items 
loaded on JOB. 
Two items had inconsistent factor loadings for girls and boys. 
These two items were eliminated from further analysis so that common 
items could be used to determine factor scores for girls and boys. 
Nineteen common attitude assessment items that defined the factors were 
included in both the pre- and post-tests. They are listed in Table 1 
below. Post-test correlations between factors were positive for females, 
ranging from .01 (factor 6 and factor 7) to .47 (factor 1 and factor 5). 
Correlations for males were also positive, ranging from .12 (factor 6 and 
factor 7) to .52 (factor 1 and factor 2). Correlation patterns were 
similar for females and males with factor 1 tending to correlate highest 
with other factors and factor 6 tending to correlate lowest. Pre- and 
post-test correlations were also similar, although post-test correlations 
were somewhat higher (see Appendix). 
The remainder of this article will compare the pre- and post-test 
responses of 964 students in 57 ninth grade science classes in ten Iowa 
schools: three ninth grade science classes from each of ten schools 
during year one and from nine of the same schools during year two. (One 
teacher failed to administer the post-test during year two.) The classes 
were selected out of the total of 91 participating classes. In cases 
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Table 1. Attitude assessment items by factor 
LIKING SCIENCE 
I can picture myself working as an engineer someday. 
I would like to study science after the end of this school year. 
I can picture myself working as a scientist someday. 
I want to learn all I can about science. 
LIKING MATH 
I want to learn all I can about math. 
I would like to study math after the end of this school year. 
RECOGNITION 
Being regarded as smart in math would be a great thing. 
It would be really great to win a prize in math. 
Being regarded as smart in science would be a great thing. 
It would be really great to win a prize in science. 
UTILITY 
I'll need math for my future work. 
Math will not be important to me in my life's work. 
Science will not be important to me in my life's work. 
I'll need science for my future work. 
NERD 
People would think I was a nerd if I got A's in math. 
People would think I was a nerd if I got A's in science. 
Science is steadily destroying the world. 
JOB 
I have a good idea about what an engineer does on the job. 
I have a good idea about what a scientist does on the job. 
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where the teacher selected more than three classes, classes were randomly 
selected within the structure of the research design. 
Students from these 57 classes who completed the pre- and post-tests 
and whose pattern of responses met the pre-established criteria were 
included in this study. The records of students who had missing values 
of 20% or higher on the 47 items on the post-test were not included in 
the analysis. 
Determining Attitude Change 
The attitude assessment items were analyzed by calculating a dif­
ference score that measured the mean change for each item that appeared 
on both the pre- and post-tests. A positive mean difference indicated 
students' attitudes improved from the pre- to post-test. Difference 
scores were then calculated for all factors except Factor 3 - PARENTS. 
Items referring to parents were not included in the post-test because 
parents and their opinions were not targeted in the intervention. The 
General Linear Models Procedure (GLM) was used to test the significance 
of mean pre-to-post-test differences (DIFF) on the six factors. 
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RESULTS 
The analysis found that, in general, hypotheses 1, 2 and 4 were 
supported while hypothesis 3 was not. The mean difference scores for 
girls in the treatment groups, as measured by the mean difference (DIFF) 
between pre- and post-test scores, were greater than the mean difference 
scores for girls in the control group for five out of six factors, 
indicating a greater pre-to-post-test change for the treatment groups 
than the control group for the following factors: DIFFl - LIKING 
SCIENCE, DIFF2 - LIKING MATH, DIFF 4 - RECOGNITION, DIFF5 - UTILITY AND 
DIFF7 - JOBS. The differences between the mixed treatment group (Trtl) 
and the all-girl treatment group (Trt2) were not significant. (See Table 
2 ) .  
It is interesting to note that, even though the role model interven­
tion was designed to change girls' attitudes toward math and science, it 
also positively affected boys' attitudes. The mean difference scores for 
boys in the treatment group, as measured by the mean difference (DIFF) 
between pre- and post-test scores, were greater than the mean difference 
scores for boys in the control group for four out of six factors, indi­
cating a greater pre-to-post-test change for the treatment group than the 
control group for the following factors: DIFFl - LIKING SCIENCE, DIFF2 -
LIKING MATH, DIFF5 - UTILITY AND DIFF7 - JOBS (see Table 2). 
For DIFFl - LIKING SCIENCE, the results for girls were highly 
significant [F(2,18)=13.070/.4654, P-.OOl]. Inspection of the means 
found the difference score was low for the control group (Xc-.070) and 
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Table 2. Mean difference (pre minus post) scores and root mean square 
error (in parentheses) by gender by treatment 
F E M A L E S  M A L E S  
SIG SIG SIG 
MEAN DIFF DIFF MEAN DIFF 
DIFF MEAN MEAN BTWN BTWN DIFF MEAN BTWN 
CNTRL DIFF DIFF CNTRL TRTl, CNTRL DIFF CNTRL 
GIRLS TRTl* TRT2 TRT^ TRT2 BOYS TRT® TRT 
DIFFl: .070 .563 .579 .001 NS .160 .286 NS 
LIKING SCIENCE (.559) (.597) 
DIFF2: .289 .464 .483 .011 NS .145 .296 NS 
LIKING MATH (.700) (.817) 
DIFF4: .039 .196 .150 .003 NS .094 .051 NS 
RECOG (.497) (.606) 
DIFF5: .199 .491 .538 .001 NS .166 .331 .050 
UTILITY (.728) (.742) 
DIFF6: -.038 -.029 .098 NS NS -.142 -.205 NS 
NERD (.704) (.852) 
DIFF7; .113 .944 1.006 .000 NS .076 .600 .010 
JOBS (.802) (.814) 
TRTl - Girls in Mixed Treatment Group. 
^TRT2 - Girls in Girls Only Treatment Group. 
^Comparison of Girls in Control Group and Girls in Both Treatment 
Groups. 
d 
Comparison of Girls in Mixed Treatment Group and Girls Only Treat­
ment Group. 
'TRT - Boys in Mixed Treatment Group. 
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higher for the mixed treatment group (Xtrtl-.563) and the all-girl 
treatment group (Xtrt2=.579). The differences between the two female 
treatment groups were not significant. The results for boys were not 
significant. For DIFF2 - LIKING MATH, the results for girls were sig­
nificant at the .01 level [F(2,18)=l.803/.4523, P=.01]. Examination of 
the means revealed that the difference score was lower for the control 
group (Xc=.289) and higher for both treatment groups (Xtrtl=.464, 
Xtrt2=.483). The differences between the two female treatment groups 
were not significant. The results for boys were not significant. 
For DIFF4 - RECOGNITION, the results for girls were significant at 
the .01 level [F(2,18)=1.056/.1725, P=.01). The difference score was 
again found to be lower for the control group (Xc=.039) and higher for 
the two treatment groups (Xtrtl=». 196, Xtrt2"=. 150). The differences 
between the two female treatment groups were not significant. The 
results for boys were not significant. They were also inconclusive. 
DIFF4 varied by only .043 for the male treatment and control groups. 
The results for DIFF5 - UTILITY were significant for girls at the 
.001 level [F(2,18)=5.273/.6722, P-.OOl]. Inspection of the means 
verified that the difference score was lower for the control group 
(XC-.199) and higher for the two treatment groups (Xtrtl-.491, 
XXtrt2-.538). The differences between the two female treatment groups 
were not significant. For boys, the results for DIFF5 were significant 
at the .05 level [F(l,9)-2.497/.357, P-.05]. Inspection of the means 
showed that the difference score was lower for the control group 
(Xc=.166) and higher for the treatment group (Xt=.331), indicating a 
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greater pre-to-post-test change for the treatment group than the control 
group. DIFF6 - NERD - was negative for the girls' control group and also 
for the girls' mixed treatment group. It was also negative for boys in 
both the treatment and control groups. 
For DIFF7 - JOBS, the results for girls were again highly signifi­
cant [F(2,18)=38.891/1.334, P=.001]. The mean difference score was lower 
for the control group (Xc-.113) and higher for the two treatment groups 
(Xtrtl=.944, Xtrt2=l.006). The differences between the two treatment 
groups were not significant. For boys, the results were also significant 
at the .01 level [F(l,9)-25.273/1.165, P-.Ol] with a lower control group 
mean (Xc=.076) than the treatment group mean (Xt~.600). 
Students' Intentions to Take 
Science/Math Courses 
Students were asked to indicate how many semesters of 17 different 
science and math courses they intended to take during high school. The 
net pre-to-post-test change was calculated by adding the percent of 
students who indicated they planned to take more semesters of a given 
course on the post-test than they had reported on the pre-test (+) and 
the percent of students who indicated they planned to take less semesters 
of a course (-). 
The Chi-square test with four degrees of freedom was used to analyze 
the significance of the pre- to post-test differences on the coursework 
items. For girls, the results were significant (P-.Ol) for Chemistry 
with the mean percent net change being negative for the control group 
(Xc=-5.6%) and positive for the treatment groups (Xtrtl-12.2%, 
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Xtrt2=10.4%) (see Table 3). The results were also significant (P=.05) 
for Geology with the mean percent net change again being negative for the 
control group (Xc=-4.9%) and positive for the treatment groups 
(Xtrtl=2.7%, Xtrt2=2.8%). The results were significant (P=.01) for 
Physics with the mean percent net change for the control group (Xc=-4.9%) 
being negative and the net change for treatment groups being positive 
(Xtrtl=19.3%, Xtrt2"=11.4%). Although the results for Calculus were not 
statistically significant, they revealed a similar pattern with the 
control group mean being lower than those of either treatment group 
(Xc=5.5%, Xtrtl=15%, Xtrt2=10.9%). 
For boys, the results were significant (P~.01) for chemistry with 
the mean percent net change being negative for the control group 
(Xc=-7.5%) and positive for the treatment group (Xt=13.5%). Similarly, 
the results were significant (P=.05) for calculus with the mean percent 
net change being lower for the control group (Xc-1.0%) and higher 
(Xt-16.6%) for the treatment group. 
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Table 3. Summary of net percent change in course-taking preferences 
Boys Sig Sig 
Trt Diff Diff 
Boys Ctrl/ Sig Girls Girls Girls Ctrl/ Trtl/ 
Course Ctrl Trt^ Diff Ctrl Trtl Trt2 Trt Trt2 
Chemistry -07.5 13.5 .004 05.6 12.2 10.4 .016 NS 
Geology -11.6 02.2 NS -04.9 02.7 02.8 .039 NS 
Physics 10.2 19.5 NS -04.9 19.3 11.4 .002 NS 
Calculus 01.7 16.6 .018 05.5 15.0 10.9 NS NS 
^Compares results of boys' control and treatment groups. 
^Compares results of girls' control and both treatment groups. 
'^Compares results of girls' mixed class treatment group (trtl) and 
all-girl treatment groups (trt2). 
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DISCUSSION 
The role model intervention program described in this study was 
successful in changing the attitudes of girls and boys toward science, 
math, and technical careers. This change in attitudes was measured by 
the greater positive change between the pre-test and first post-test 
factor scores. In all instances where the differences between control 
groups and treatment groups were statistically significant, the differ­
ences were greater for the treatment groups than the control groups. 
The intervention was more effective in changing girls' attitudes, 
however. For girls, the differences between the control and treatment 
groups were significant for five of the six factors. For boys, the 
differences were significant for only two of the six factors. That the 
intervention appeared to be more successful for girls may be an indica­
tion that female role models are more effective in changing girls' 
attitudes. However, it might also reflect the fact that girls' initial 
attitudes were less positive than boys'. 
The results on nineteen items that focused on students' plans for 
enrollment in high school science and mathematics courses and for 
post-secondary education included in Section II of the pre- and post-
tests were less conclusive and somewhat difficult to interpret. However, 
the intervention appeared to have a positive impact on girls' and boys' 
intentions to increase their course-taking in Chemistry, Geology, Physics 
and Calculus, four of the more difficult courses that were discussed 
during the intervention by the project team. 
Ill 
The success of female role models in changing attitudes of girls and 
boys has practical implications for future in-school role model projects. 
It indicates that female role models are effective in changing attitudes 
of the target population - girls - and they also reinforce boys' more 
positive attitudes. 
The project team had anticipated that the data analysis would reveal 
that the intervention was more effective with the all-girl treatment 
group than with the mixed-class treatment group; this anticipation was 
reinforced because the girls in the all-girl classes had been more 
outwardly responsive to their presentations. However, the data do not 
support their expectations. It appears that it is not necessary to pull 
girls out of their regular classes in order to effectively change their 
attitudes. This also has practical implications for future role model 
projects. Separating girls from the boys in their classes presented 
difficulties for the teachers who then had to arrange a different 
activity for the boys. In several instances, the girls who received the 
all-girl treatment were upset because the boys' activity - such as making 
ice cream - was perceived to be more fun. The girls felt they were being 
penalized. In other cases, the boys expressed disappointment that they 
were not able to hear the role models. 
Although we did not measure students' attitudes after each day of 
the intervention, according to feedback we received from teachers and 
students, students' responses to the second day of the program - the day 
when the student role models gave their presentation - were the most 
popular with the students. It is possible that a one-day student role 
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model intervention would have the same positive effects that the three-
day intervention had. We plan to explore that possibility in a future 
study. 
A question that has yet to be answered is whether the positive 
change in attitudes reflected in the difference scores will hold over 
time, e.g. to post-test #2. In this project data was collected one year 
after the intervention to measure whether the positive effects of the 
intervention were still apparent. The results of this part of the study 
have not been analyzed and will be reported in a future article. In the 
meantime, it is apparent that role model interventions like the one 
described in this article can - at least in the short-term - be effective 
in changing the attitudes of girls and boys towards technical courses and 
careers. 
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APPENDIX 
Objectives of the Project 
1. To stimulate an interest in science and math. To stimulate students 
to continue in science and math. 
Specific Tasks 
Day 1 
1. Tell about careers and math required for those careers. 
Day 2 
1. Generate enthusiasm for math and science classes as some­
thing fun and interesting. (Perhaps tell about your favorite 
class.) 
Day 3 
1. Show career video about careers 
2. Lead discussion about careers shown and the math/science 
required. 
2. To have students see the need for math/science. 
Day 1 
1. Give specific examples of how math/science is used in certain 
careers. 
2. Give statistical information about number of careers requir­
ing math/science. 
3. Talk about staying in math/science to keep career options 
open. 
Day 2 
1. Give specific examples of how you used math/science during 
your work experience. 
2. Talk about taking math/science in high school and how it 
helped you in college to have this background. 
Day 3 
Career video addresses need for math. 
3. To affect the attitude of girls towards success in math. 
Day 1 
1. Discuss the salaries of young women graduating in science vs. 
non-science careers. 
2. Discuss demographic information and the keys to the problem 
of underrepresentation of women in science and engineering. 
Day 2 
1. Dress attractively and act socially "with it." (Counteract 
the nerd image) 
2. Discuss your pride in succeeding. 
3. Discuss the attitude of your significant other in your suc­
cess (perhaps how this attitude changes from boys to men). 
Relate some anecdotal experiences. 
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4. Mention salary (co-op/summer) and expected salary on gradua­
tion. 
Day 3 
1. Discuss career video - call attention to how much the women 
enjoy their careers. 
2. Discuss benefits/flexibility of being a professional. 
3. Discuss "How to Beat the Odds" and stick with math and sci­
ence . 
4. To counteract stereotypic images relative to math and science gender. 
To convince young women that professional careers and marriage mix. 
Day 1 
1. Career Overview - Give examples of successful young women in 
careers discussed. 
Day 2 
1. Talk of your plans for the future (relationships vs. career, 
family, etc.) 
Day 3 
1. Discuss career video - image of women portrayed vs. your 
(student) image of scientists/engineers. 
2. Discuss spouse/children's attitude toward my success. 
5. To inform students about science and engineering careers - to have 
those careers appear rewarding, interesting. 
Day 1 
1. Give a description of various science and engineering ca­
reers . 
Day 2 
1. Talk about your job and exactly what you did on- the job. 
2. Talk about possible jobs in your major area of study. 
3. Talk about your job location, describe work place, people you 
worked with, atmosphere (climate) at work, typical day, etc. 
D^y 3 
Career video will inform of various jobs. 
118 
GENERAL CONCLUSIONS 
Many conclusions can be drawn from this research project. In 
relationship to the stated purpose of the project, we did confirm that 
female role models can and do change the attitudes of girls and boys 
toward science, math, and technical careers, at least for a short period 
of time. This is a significant finding. However, data yet to be 
analyzed will indicate if these positive attitudes can be sustained for 
as long as a year. Answering this question will give us an indication 
about how often role models must be introduced to sustain positive 
attitudes throughout students' high school years. 
We also determined that it was not necessary to separate girls from 
the boys in their classes in order to effectively change girls' attitudes 
toward science and math. This makes the management of role model 
interventions simpler. Also significant is the fact that boys also 
appeared to be positively influenced by the intervention. 
We were surprised at the skewed results for all items reflecting 
gender stereotyping. Future research will determine if this is a new 
trend rather than a characteristic particular to participating students 
or our research design. Although we were pleased that students did 
reject this stereotyping, it presented problems for us in the analysis of 
our data. We had expected that one of the results of the intervention 
might be the reduction of gender stereotyping and had included these 
items on the post-test so we could measure this change. The loss of 
eleven post-test items significantly reduced its power and the power of 
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the conclusions that could be drawn from the remaining data. 
The variability between schools was an interesting finding. Future 
research should focus on the characteristics of schools (or teachers or 
communities) that create positive attitudes toward science and/or math. 
Two of the factors, NERD and JOB, were admittedly weak. The NERD 
items were written by us and it is clear from both pre- and post-test 
data that they created ambiguous results. The ambiguous results on JOB 
are more difficult to explain. More research needs to be done on both of 
these factors. 
Because the purpose of our project was to develop and test a role 
model intervention that would have a positive impact on students' 
attitudes toward science and math, that is what we tested. Further 
analysis of the data might reveal interesting correlations between 
demographic data and students' attitudes and equally interesting compari­
sons might be made between girls' and boys' results. The data base will 
be made available to others who might be interested in pursuing these and 
other lines of research. 
In conclusion, the results of this project answered some of the 
questions that we wished to address and will inform us as we develop 
future projects designed to improve girls' attitudes toward science and 
math. However, it has also raised many more questions that need to be 
addressed. 
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Table 1. Rotated factor loadings (female) 
Factorl Factor! Factor3 Factor4 FactorS FactorS Factor? 
PBl 0. 590 0. 035 0. 153 0. 28? 0. 237 0. 034 0. 093 
PB3 0. 394 0. 058 0. 105 0. 139 0. 245 -0. 049 0. 204 
PB4 0. ,631 0. ,093 0. 044 0. 189 0. 127 -0. 027 0. 114 
PB6 0. 375 -0, 371 0. 619 0. 182 0. 101 -0. 149 0. 047 
PB? 0. 017 -0. Oil 0. 046 0. 089 0. 118 0. 593 0. 042 
PB8 0. 447 0. 002 0. 563 0. 207 0. 110 -0. 138 0. 027 
PB9 0. ,723 0. ,093 0. ,141 0. ,0.6 -0. 002 -0. 006 0. 141 
PBIO 0. 430 0. ,008 0. 166 0. 121 0. 525 0. 018 -0. 00? 
PBll 0. ,669 -0. ,052 0. ,100 0, ,01? 0. ,013 0, ,037 0. ,090 
PB12 0. 296 -0. 022 0. 042 0. 085 -0. 086 0.408 0. 070 
PBl 3 0. ,336 -0, 114 0. ,527 0. ,008 0. ,179 0. ,223 -0. ,054 
PB14 0. ,685 -0. ,010 0. 138 0. 200 0. 306 -0. 002 -0. Oil 
PBl 5 0, 109 0. ,040 0. ,014 -0, 118 0, ,115 -0, 035 0. ,701 
PB16 0, ,593 0. ,144 0. Oil -0. ,010 -0. 000 0. ,225 -0. 031 
PBl? 0, 644 0, ,006 0. ,076 0. ,179 0, ,252 -0, 075 0, ,113 
PBl 8 0, 394 0. ,004 0. ,101 0. 013 0. 546 0. ,036 -0. 040 
PB20 0, .264 0, .024 0. 01? 0, 134 -0, 076 0, 442 0, 110 
PB21 0, 421 -0, 027 0, ,146 0. ,582 0. ,120 0, 055 0. ,015 
PB22 0 .613 0 .116 0, .050 -0, .220 -0, 162 0, 049 -0, .117 
PB23 0, 602 -0. ,037 0. ,169 0. ,086 -0. ,008 0. ,089 0. ,192 
PB24 0. 000 0. 053 0. 014 -0, .001 -0, 050 0. 232 0, .458 
PB25 0, .255 0, 054 -0, 13? 0. ,102 0. ,162 -0. ,165 0, 162 
PB27 0 .380 -0 .014 0 .136 0 .193 -0, .046 0 .121 0 .327 
PB28 0, .673 0 .113 0, .207 -0, 017 0, 027 0, .169 -0, .063 
PB29 0 .561 0 .001 0 .018 0 .122 0 .213 -0 .059 0 .141 
PB30 0, .731 -0, .084 0, .034 0, 130 0. ,189 -0, .015 0, .106 
PB31 0 .378 -0 .05? 0 .501 -0 .002 0 .218 0 .252 -0 .105 
PB32 0 .492 0 .091 -0 .025 0, .114 0, .124 0, .324 -0, .023 
PB33 0 .277 -0 .094 0 .087 0 .681 -0 .040 0 .182 -0 .013 
PB34 0 .308 0 .059 0 .219 0 .032 0 .023 0 .182 0 .062 
PB35 0 .168 0 .038 -0 .008 -0 .004 0 .117 0 .001 0 .658 
PB36 0 .530 0 .162 0 .001 -0 .182 -0, .098 0 .105 -0 .198 
PB37 0 .305 0 .002 0 .056 0 .246 -0 .059 0 .207 0 .350 
PB40 0 .059 0 .318 0 .124 0 .691 0 .112 0 .063 -0 .033 
PB41 -0 .001 0 .686 0 .154 0 .135 0 .059 -0 .085 0 .115 
PB42 0 .065 0 .650 0 .025 -0 .081 0, .001 0 .218 -0 .084 
PB43 -0 .123 0 .798 0 .004 0 .07? 0 .024 -0 .089 0 .098 
PB46 0 .077 0 .677 -0 .015 0 .177 0 .105 -0 .020 0 .110 
PB4? 0 .023 0 .503 0 .275 -0 .013 0 .11? 0 .128 -0 .017 
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Table 1. Continued 
Factorl Factor2 Factor3 Factor4 FactorS Factorô Factor? 
PB48 0, 100 0. ,381 0. ,530 -0. ,036 0. 192 0. 215 -0. 077 
PB49 0, ,196 0. ,506 -0. ,104 0. 165 0. 197 -0. 152 0. 110 
PB50 -0, 015 0. ,831 0. ,090 0.033 0. ,001 -0. ,028 0. ,096 
PB51 o;  ,0?3 0. 552 0. 003 -0. 121 -0. 022 0. 210 -0. 120 
PB52 0, 100 0, 568 0. ,089 0, 369 0. ,251 -0. ,020 0, 118 
PB53 0, ,118 0, ,268 0. ,639 0. 049 0. 203 0. 258 -0. ,055 
PB54 0, 076 0, .182 0, .086 0, 742 0. ,033 0, .240 -0, .027 
PB56 0, ,080 0. ,515 0. ,029 0. 159 0. 179 0. 265 -0. ,060 
PB5? 0. 085 0, .287 0, .134 0, 056 0. ,644 0. ,070 0, .133 
PB58 -0, 127 0, 780 0, 523 0. ,008 0. ,019 -0. ,071 0, 066 
PB60 -0 .085 0, 119 0, .070 0, 088 0, .128 0. 605 0, .067 
PB62 0, .063 0, .694 0, .009 -0, 191 -0, 131 -0, 007 0. 087 
PB63 0, .022 0, .374 0. 693 0, 140 0, .017 -0, .058 0, .165 
PB64 0, 012 0, 429 0, ,657. 0, 172 -0. ,038 -0. ,067 0, .150 
PB65 0 .096 0 .745 0 .170 -0 .027 0. 033 0 .059 0 .080 
PB66 0 .213 0 .489 0, .200 0, 242 0, .302 -0, 021 0, .079 
PB67 0 .071 0 .215 0 .182 0 .065 0 .634 0 .135 0 .073 
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Table 2. Rotated factor loadings (male) 
Factorl Factor2 Factors Factor4 Factors Factor6 Factor? 
PBl 0. ,553 0, 034 0. ,311 0, 110 0. ,213 0, 213 0. 212 
PB3 0. 428 0. ,082 0. 100 0. 062 -0. 129 0. 331 0. 017 
PB4 0. ,552 0, ,159 0. 031 0. 110 0. 071 0. ,227 0. 235 
PB6 0. 414 0. 035 0. 085 0. 596 0. 035 -0. ,054 0. 176 
PB7 0. ,068 -0, 027 0. ,174 0. ,066 0. ,588 -0, 031 -0. 124 
PB8 0. ,314 -0. ,020 0. ,155 0. 653 0. 071 -0. 076 0. 218 
PB9 0. ,747 0, 072 -0. ,026 0, 132 0, ,098 0, .040 0, ,029 
PBIO 0. 426 0. ,050 0. 123 0. 061 0. 102 0. ,508 0. 246 
PBll 0, 710 -0, 042 -0. ,080 0, 099 -0. ,037 0. 008 -0. 055 
PB12 0. ,205 -0. ,016 0. 145 -0. 005 0. 466 0, ,208 -0. 042 
PBl 3 0, .251 -0, 109 0, ,021 0, 506 0. ,271 0. 252 -0. ,175 
PB14 0. ,633 0, ,073 0. ,134 0. 078 0. ,003 0, 307 0. 110 
PB15 0, ,276 0, 083 0. ,083 0. , 246 —~-0 -, 155 - 0; ,076— - -0, ,17-7.^ 
PB16 0. ,457 -0. ,004 -0. 121 0. 220 0. 387 0. ,128 0. 003 
PB17 0, .657 0, 022 0. ,027 0, 052 -0. ,053 0 .169 0, 255 
PB18 0, ,327 -0, 001 -0, 025 0. ,059 0. ,178 0, 546 0. ,122 
PB20 0, .334 0, .008 0, .234 -0, .065 0. 276 -0, .007 -0, .291 
PB21 0, ,428 0, ,036 0. ,516 0. 123 0. ,090 0. ,067 0. 217 
PB22 0. 525 0, .096 -0. 289 0, .026 0, 183 -0 .179 -0. ,060 
PB23 0, 540 0, .171 0. ,155 0. ,098 0. ,010 0, 015 -0. ,079 
PB24 -0, .051 0 .177 0, .330 0. 056 0. 138 -0 .040 -0, .013 
PB25 0, .219 0, .058 0. ,026 -0, 025 -0, 166 0, .017 0, 473 
PB27 0, .506 0, .048 0, .391 -0. 006 -0, 049 0 .117 -0. ,043 
PB28 0. ,734 0, .089 -0, 161 0, 150 0. ,136 0, 036 -0. ,158 
PB29 0 .381 0 .058 0. 219 0 .120 0, .111 0 .059 0. 356 
PB30 0, .712 -0 .145 0, .081 0, .084 0, 044 0 .085 0, 165 
PB31 0 .392 -0 .056 0 .001 0 .476 0 .233 0 .166 -0 .160 
PB32 0. 420 0, .030 0. ,134 0. ,119 0. ,333 0. 048 -0. ,040 
PB33 0 .211 0 .005 0 .617 0 .191 0. 247 0 .092 0 .137 
PB34 0, .389 0 .067 0, .085 0, .224 0. 320 -0 .059 0, 194 
PB35 0 .279 0 .045 0 .143 0 .213 -0 .097 -0 .013 0 .206 
PB36 0 .319 0 .073 -0, .370 0, .170 0. 232 0 .051 0. 229 
PB37 0 .452 0 .113 0 .518 -0 .082 -0, .004 -0 .027 -0, .125 
PB40 0 .040 0 .416 0, .492 0, .172 0, .127 0 .088 0, .078 
PB41 0 .093 0 .692 0 .145 0 .126 -0 .066 0 .033 -0 .059 
PB42 -0 .002 0 .509 -0, .186 0, .009 0. 343 0 .080 0, .129 
PB43 -0 .130 0 .759 0 .033 -0 .022 -0 .059 0 .037 0 .067 
PB46 0. 057 0 .665 0. 035 0, 087 -0, 039 0 .161 0, .192 
PB47 0 .134 0 .530 -0 .019 0 .192 0 .171 -0 .001 -0 .296 
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Table 2. Continued 
Factorl Factor2 FactorS Factor4 FactorS Factorô Factor? 
PB48 0, .048 0. ,334 -0. ,083 0. ,425 0, .135 0, 340 -0, .397 
PB49 0, 056 0. 516 0. ,076 0, ,058 -0, 051 0. ,014 0. ,372 
PB50 0 .076 0, 777 0. 100 0. 012 0 .055 -0, .020 -0, .045 
PB51 -0, 036 0. 417 -0. ,217 0, ,005 0, 498 0. 039 0. ,170 
PB52 0 .069 0, 598 0, .341 0, .150 0 .026 0. 248 0 .044 
PB53 0. ,126 0. 299 -0. ,068 0. ,398 0, ,106 0. 409 -0. ,381 
PB54 -0. 032 0. ,286 0, .648 0. 170 0 .096 0, .156 0 .082 
PB56 0, 028 0. 506 0. 107 0. ,002 0, .271 0, 166 -0, 101 
PB5? 0, .071 0, 329 0, .174 0, .057 -0 .038 0, .545 -0. 026 
PB58 -0. 036 0, ,674 0. ,130 -0, 012 -0, .077 0. ,045 0. ,056 
PB60 -0, .062 0. ,184 0, .209 0, .056 0. 570 0, .079 -0. 108 
PB62 -0, .007 0, ,569 -0, 232 -0. ,046 0, .357 -0. ,099 0, 139 
FBÔ3 0, .061 0. ,445 0, .199 0, .607 -0, .010 0, 091 -0, 072 
PB64 0, .019 0. ,449 0. ,199 0, 607 -0, 037 0, ,129 -0, 044 
PB65 0 .193 0, .669 0, .051 0 .053 0 .137 0, .036 -0 .161 
PB66 0, 170 0. 580 0. ,127 0, 024 -0. ,068 0, 271 -0. ,070 
PB67 0 .059 0, .240 0. 019 0, .058 0 .103 0, .513 -0, .088 
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Table 3. Pre-test correlation analysis (female) 
FACT 1 FACT 2 FACT 4 FACT 5 FACT 6 FACT 7 
FACT 1 1.00000 
0 . 0  
569 
0.29031 
0.0001 
569 
0.38592 
0.0001 
564 
0.44134 
0.0001 
569 
-0.02508 
0.5505 
569 
0.22242 
0.0001 
569 
FACT 2 0.29031 
0.0001 
569 
1.00000 
0 . 0  
570 
0.33967 
0.0001 
565 
0.34696 
0.0001 
569 
0.03087 
0.4621 
570 
0.13247 
0.0015 
570 
FACT 4 0.38592 
0.0001 
564 
0.33967 
0.0001 
565 
1.00000 
0 . 0  
565 
0.24808 
0.0001 
564 
0.06977 
0.0976 
565 
0.02092 
0.6197 
565 
FACT 5 0.44134 
0.0001 
569 
0.34696 
0.0001 
569 
0.24808 
0.0001 
564 
1.00000 
0 . 0  
569 
0.00447 
0.9152 
569 
0.16320 
0.0001 
569 
FACT 6 -0.02508 
0.5505 
569 
0.03087 
0.4621 
570 
0.06977 
0.0976 
565 
0.00447 
0.9152 
569 
1.00000 
0 . 0  
570 
-0.00321 
0.9390 
570 
FACT 7 0.22242 
0.0001 
569 
0.13247 
0.0015 
570 
0.02092 
0.6197 
565 
0.16320 
0.0001 
569 
-0.00321 
0.9390 
570 
1.0000 
0 . 0  
570 
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Table 4. Pre-test correlation analysis (male) 
FACT 1 FACT 2 FACT 4 FACT 5 FACT 6 FACT 7 
FACT 1 1.00000 
0 . 0  
391 
0.32640 
0.0001 
389 
0.39156 
0.0001 
388 
0.46828 
0.0001 
390 
0.10398 
0.0401 
390 
0.36821 
0.0001 
389 
FACT 2 0.32640 
0.0001 
389 
1,00000 
0 . 0  
391 
0.42931 
0.0001 
388 
0.34048 
0.0001 
391 
0.14706 
0.0036 
391 
0.23213 
0.0001 
390 
FACT 4 0.39156 
0.0001 
388 
0.42931 
0.0001 
388 
1.00000 
0 . 0  
389 
0.30580 
0.0001 
389 
0.20663 
0.0001 
389 
0.23464 
0.0001 
388 
FACT 5 0.46828 
0.0001 
390 
0.34048 
0.0001 
391 
0.30580 
0.0001 
389 
1.00000 
0 . 0  
392 
0.11078 
0.0283 
392 
0.20805 
0.0001 
391 
FACT 6 0.10398 
0.0401 
390 
0.14706 
0.0036 
391 
0.20663 
0.0001 
389 
0.11078 
0.0283 
392 
1.00000 
0 . 0  
392 
0.01303 
0.7972 
391 
FACT 7 0.36821 
0.0001 
389 
0.23213 
0.0001 
390 
0.23464 
0.0001 
388 
0.20805 
0.0001 
391 
0.01303 
0.7972 
391 
1.0000 
0 . 0  
391 
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Table 5. Post-test correlation analysis (female) 
POST 1 POST 2 POST 4 POST 5 POST 6 POST 7 
POST 1 1.00000 
0 . 0  
568 
0.42215 
0.0001 
565 
0.42532 
0.0001 
566 
0.46636 
0.0001 
565 
0.03486 
0.4073 
567 
0.35564 
0.0001 
566 
POST 2 0.42215 
0.0001 
565 
1.00000 
0 . 0  
567 
0.41582 
0.0001 
565 
0.36746 
0.0001 
564 
0.15073 
0.0003 
566 
0.16196 
0.0001 
564 
POST 4 0.42532 
0.0001 
566 
0.41582 
0.0001 
565 
1.00000 
0 . 0  
569 
0.23862 
0.0001 
565 
0.13693 
0.0011 
568 
0.19349 
0.0001 
565 
POST 5 0.46636 
0.0001 
565 
0.36746 
0.0001 
564 
0.23862 
0.0001 
565 
1.00000 
0 . 0  
567 
0.04810 
0.2533 
566 
0.20661 
0.0001 
564 
POST 6 0.03486 
0.4073 
567 
0.15073 
0.0003 
566 
0.13693 
0.0011 
568 
0.04810 
0.2533 
566 
1.00000 
0 . 0  
570 
0.00629 
0.8813 
566 
POST 7 0.35564 
0.0001 
566 
0.16196 
0.0001 
564 
0.19349 
0.0001 
565 
0.20661 
0.0001 
564 
0.00629 
0.8813 
566 
1.0000 
^  0 . 0  
567 
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Table 6. Post-test correlation analysis (male) 
POST 1 POST 2 POST 4 POST 5 POST 6 POST 7 
POST 1 1.00000 
0 . 0  
391 
0.52493 
0.0001 
390 
0.41979 
0.0001 
389 
0.39425 
0.0001 
390 
0.20081 
0.0001 
388 
0.37913 
0.0001 
391 
POST 2 0.52439 
0.0001 
390 
1.00000 
0 . 0  
392 
0.51314 
0.0001 
390 
0.36548 
0.0001 
391 
0.25382 
0.0001 
389 
0.25037 
0.0001 
392 
POST 4 0.41979 
0.0001 
389 
0.51314 
0.0001 
390 
1.00000 
0 . 0  
391 
0.29327 
0.0001 
390 
0.29959 
0.0001 
388 
0.29025 
0.0001 
391 
POST 5 0.39425 
0.0001 
390 
0.36548 
0.0001 
391 
0.29327 
0.0001 
390 
1.00000 
0 . 0  
392 
0.20429 
0.0001 
389 
0.16463 
0.0011 
392 
POST 6 0.20081 
0.0001 
388 
0.25382 
0.0001 
389 
0.29959 
0.0001 
388 
0.20429 
0.0001 
389 
1.00000 
0 . 0  
390 
0.11908 
0.0186 
390 
POST 7 0.37913 
0.0001 
391 
0.25037 
0.0001 
392 
0.29025 
0.0001 
391 
0.16463 
0.0011 
392 
0.11908 
0.0186 
390 
1.0000 
0 . 0  
393 
